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A. S m R Y  

This In te r im r e p o r t  i s  8 aummary f the  major study 

area8 by Westinghouae i n  developing an Advanced Antenna 

System, 

Sunnyvale, Cal i forn ia  in February, e f f o r t  has been devoted 

t o  s e v e r a l  a reas  of  immediate primary l n t s r e s t  t o  the s t r u c t u r a l  

deaign study, 

r e f l e c t o r  configurat ion t o  i n su re  maximum s t i f f n e a a  and the 

f i n a l i z a t i o n  of the dimensions of the Cassegrain o p t i c  system. 

Cer ta in  aspec ts  of our thinking on the  op t i c  system were inf luenced 

by a v i s i t  t o  RCA Victor,  Montreal, Canada on March 2, 1961, but 

the e f f e c t s  of th i s  meetlng; a re  not f u l l y  expreased In t h i s  r e p o r t  

due t o  the timing. 

Since the i n i t i a l  meeting and progress r e p o r t  a t  

Among them were the s e l e c t i o n  o f  the primary 

Another major s tudy e f f o r t  was t h e  development of the 

antenna pos i t i on  aenaing system which incorporates a 4-axis 

oombined Az-E1 and Equatorial mount on top  of t he  ground re- 

ferenoe tower. The hardware d e t a i l s  o f  t h i s  system are ye t  t o  

be worked out, b u t  i t  shows exce l l en t  promise. The systems for 

monitoring the  primary r e f l e c t o r  shape and the  p o s i t i o n  of the 

aub-ref lector  have a l s o  been worked out.  

Thru a n a l y t i c a l  work and computer study, a 8ervo d r i v e  

etyatem has been evolved which w i l l  permit accurate  determination 

of  83.1 aspec ts  involved i n  demonstrating the f e a s i b i l i t y  of the 

e l e c t r o  magnetic coupling dr ive Bystem. 
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Further study effort will be in the direction of 

optimizing the drive system and evolving detail specifica- 

tions for both Azimuth and Elevation systems. 

Conalderable effort ha8 been expanded in study of varloua 

methods and arrangements of poeition sensing and coordinate 

oonversion equipment which w i l l  be consistent with the requlre- 

ments of a digital control system. A tentative functional 

layot?t has a l s o  been made of equipment required f o r  signal 

processing and instrumentation. 

Most of the mjor design concepta have beon decided upon 

and the remainder of the s tudy program w i l l  be devoted to 

deta i l ed  analysis and optimization of the various syatem COIU- 

ponents, Certain aspects of the agstem will require further 

study durfng Phase If and this w i l l  be developed in subsequent 

reports 
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I . IFJ ;%ODUCTION 

A t  the time of writing of this rewrt ap7roximately e i g h t  weeks of 

t h e  t o t a l  allocated time for Phase 1 have psssed. A t  t h i s ,  the mid-point 

of t h e  s tudy  program, it  i s  necessary t o  evaluate the progres s  t o  date 

and a n t i c i p a t e  the scope of work which can be completed i n  the remaining 

time period. P r i m x i l y  the e f f o r t  t o  date has  k e n  devoted t o  considering 

sizes, locatAons,  and tolerances of the major c m p n e n t s  of t h e  nicrowave 

o p t i c s  system. In at tempting to establish a knowledgeable posit ion from 

which to  make a d e t a i l e d ,  substantiate,3 recom-nendation it  i s  ev iden t  that 

mccn a r i a i y t i u &  ~ ( > ~ = k ,  i ;~c t ic ' : l a r ly  on s~zcn6 o ~ 4 c r  e f f n r t . ~ ,  ~51.1 remain 

t o  he csmzl0tc:i d u r i n g  Phase 11; and a w e l l  conceived model xeasurcrnent 

wogram w i l l  be requi rd  t o  v e r i f y  m y  po3tu la ted  design. 

con t inu inc  program i n  the Cassesrain c F t i c s  f i e l d  will yield s e v e r a l  

I n  fact , ,  a 

successive s t eoz  of xorthwhile ma ior ZorWica t ions  t o  t h e  original systcn.  

h . 
lime and scone of t h i s  rewrt w i l l  no t  p o n i t  reproduct ion of a l l  tlie 

e f fo r t s  pe r fo rmd .  We have at+empi.sd t o  d i s c x s  those area.s believed t o  

. be p a r t i c u l a r l y  p e r t i n e n t  t o  an eva luz t ion  of o u r  progress t o  t h i s  staee. 
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I :  11. FEED SYSTEH P A W T B t S  (D = 240 1 :  Ip/D = -251 

The choice of the feed system parameters requires compromising a 

multitude of factors i n  o r d e r  t o  meet the demands placed upon the feed 

system by the specification, Tfie na.jor factors  to  be considereti are  gain, 

sidelobe levels, structure,  aligment accuracy, and opera t ing  convenience, 

Ths alisnrnent accuracy r e q u i r e s  a maxinun r i g i d i t y  i n  the f eed  sup,prt 

and the CasscLTain nirror support. 

can be translated into one , tha t  t h e  feed and receiver be readily accessible 

f a r  nxhtainance md adfus?zent. 

r q u i r e s  that the receiver be l o c a t e d  as close t o  the feed as posstble. 

%P rc,<uirment f 2 r  changing feeds in h a l f  an hour i i c a t e s  t h a t  t h e  feed 

bc accessible, have equiomcnt f o r  hmdl inp ,  m d  a convenient, and acccssible 

s t o r 2 z e  1ocRtion. 

rrtinutes f o r  other mo%s of operation th,m tne super sensitive l is tening 

mode w i l l  require nanual ;Lecess t o  the feed t g  nake the necessary adjust- 

rmts. A E  a resElt of these  cons idere t ions  we fee l  that  the feed s h o u l d  

be Io?;it.ed no rore than 15 feet, from t h e  vo r t ex  of the main r e f l e c t o r  m d  

shoiild be located i n  a broad supmrt tower. 

that  the feed approach the focus of the m i n  r e f l e c t o r  and Gives sufficient, 

reason for  t h e  use of a short feed tower. A. l onge r  feed tower will 

compronrise the  receiver and source system accessibi l i ty  Md make d i f f i c u l t  

a d j u s t m n t  5 ,  mintenance ,  md f a s t  c h a n p s .  

a longer fee3 towor nay produce mechanical ( tes ign probl.ems. 

?"ne requirement f o r  operating convenience 

'%c f i i v e  of m e r i t  specification 

Ir. addition, switching from trnnsmit to  receive i n  two 

%crowave optics requires 

In addition, we suspect tf;at 
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Th" z a i n  a n ?  sidelo* specif icat ions place c m t r a d i c t o r y  requirements 

u p r ,  t h e  i l lu-i inntion p a t t e r n  o f  t h e  feed  system. To produce high pa in  

a nc.arly uniform i l l u m i n a t i o n  i s  r y i i r e d  u m n  t h e  aperture cf t h e  main 

ref lector .  Ihe i l l un jnn t , i on  must t p  l o w  and smoothly tapered a t  t h e  

edge of t h e  aper ture  t o  r d u c e  the side!.obos ~ 4 i i c h  are caused by n rapid 

c h a p  i n  t h e  i l l i iminnt ion apross the aperture and by d i f f r ac t ion  fro3 

the i l l w ~ i n a t n d  edge of t h e  m i n  r e f l e c t o r .  

$,he w i n  reflectel- a p c r t u r c  rer ;uires  a nea r ly  i in i for r?  i l l i l n i n 2 t i o n  on the 

L'a5seTai.n mirror w i t h  a c snscqiient hich edze i l l  iJlr,ination upon the i r i i r r u r .  

The nn i fo ra  i l l u r i i n n t i o n  of 

l n r g c r  mirror TISO allows improved con: r o l  of t h e  i l l v i n a t i o n  of the  r w i n  

blocking of t h e  ape r tu re  by the  E i r r o r ,  

.;actinn 11 .A gives a 2 e t z i l d  cons idera t ion  02  t h e  ga in  reduct ion  w!~icI? . 
?*c-.xlts f r m  a parabolic i l l  uninrtt ion x i t h  v a r i o ~ i s  edge i l l u m i n a t i o n  levels 

-md irnm tile tjlnckin: c.f t h p  aFrt1:re  by t he  Czsc;cr;rain mir ror .  A ?ar*?bolic 

diameter  r c f l c c t o r  ircluciinq t:ie blockin[: of t h e  n i r r o r  nroduces an 

q w r t , u r e  blocking by t h e  C a s s e c r a i n  n i r r o r ,  nnd s p i l l o v e r  zround t h e  
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Cassegrain mirror are cons idered  i n  Section 1I.B. 

t o  d i f f r a c t i o n  from the edqe of the nain reflector w i l l  be minimized by 

mzking t h e  w g l e  subtended by t h e  Cacsegrain mirror a t  the focal po in t  

of  t h e  main r e f l e c t o r  l e s a  than the any;le subtetxled by the  nain reflector, 

‘he edze cl i f f ract im sidelobes from the Cass?yrain mi r ro r  have no t  been 

considered. 

The sidelobes due 

A square horn with a 5X a w r t u r e  and a 20° flare angle has been 

s e l e c t e d  ns a prel iminary feed desi[-. Such a feed has  thp de.sirn?ile low 

noiso  r ) r o w r t i e s .  

i codi f iea t ions  t o  t h i s  i n i t i a l  concept which will ac t  to improve performance. 

Detai le i  study of t h c  source system may i n d i c a t e  

A feed system has been selected ur.in;; a 24 f o o t  Zassegra in  mirror an3 

a Geed horn whose 5 

rt .f l .ector.  This design i r l l l  meet the 57 d b  s ide lobe  s p e c i f i c y t i o n  f o r  

sidelobps due t o  i l l umina t ion  taper, a?nerture  blockin3 by thc C a s s q y a i n  

r i i r m p ,  nn.! s p i l l o v e r  around the Ca;secrain n i r r o r .  As disr2ssed i n  

Sec t ion  ILf.R, i t  i s  not  expected tha t  t h.p s ide lobes  Inducec! by ths 

L ~ S S  ; egra in  x i r r o r  c u p n o r t  s t r u c t u r e  wi3.1 meet t h e  52 rib s p c i f i c n t i t r n .  

4 g e  d i f f r a c t i o n  l o b s  or s i d e l o k s  t o  s1:rfnce toleranccc h a v e  no t  been 

mrl.;idered. 

3pf.rtur-e i s  1 5  feet f r  )m the  v e r t e x  of the  msin 

‘he gain  ot‘ t h e  antenna i:; considered i n  cietail i n  3?ction T I . A ,  arid 

is found t o  w 6a+iib. 

drt-i i led feed d e u i g n  should increase t h e  ga in  v h i l e  cons idern t ion  of 

a d d i t i o n a l  ieyrrariiny, f n c i o r s  m y  decrease it. 

h i s  is c o t  2 f i n a l  :;?.in c~3ml!.a!jov, ‘ h e  



- 5 -  

A .  GAIN co:wxwrIoNs 
The expected p i n  of the  antenna has been determined from the  

cons ide ra t ion  of s e v e r a l  factors which degrade t h e  ga in  and one which 

improves it s l i g h t l y .  

antenna t h a t  i s  240 f e e t  i n  dianeter is 6b.P db. 

' h e  Tain of a uhiformly illuminated parabolic 

F i r s t  consider t he  e f f i c i e n c y  as in f luenced  by t h e  i l l u m i n a t i o n  

taper and the aperture blocking by the  Cassegrain mirror. 

t he  illumination is parabo1i.z and that  the r e l a t i v e  power of the  

i l l u m i n a t i o n  at the edge of the aperture is k-. 

illiLnlinat,ion, J(f) , as a function of t h e  normalized distmce from tho 

Assume that 

3 ,  ine formula for the 

a i s ,  r, is t h e  fol lowing:  

ne fonnula f o r  thP efficiency, * is t h e  fo l lowing:  

where is t h e  n n m n l i z ~ d  rad ius  of the i:asse<rsin mir ror .  The formula 



The 14 clb edge i l l umina t ion  of t h e  mir ror  Gives k = .2 and t h e  24 f o o t  

d i m e t e r  of t h e  mir ror  g ives  bc: 

o r  -.G3 db. 

t h e  mi r ro r  rzduces t h i s  e f f i c i e n c y  t o  .33 or  -.a2 db. 

= . l , ,  so  t h a t  t he  9 f f i c i e n c y  i s  .860 

The e x t r a  edge t ape r ing  from t h e  small a p e r t u r e  mzle of 

The next  f a c t o r  t o  be determined i s  normal.ly called space 

a t t e n u a t i o n  and i s  the decrease i n  t h e  i l l m i n a t i o n  a t  the edge of t h e  

r e f l e c t o r  wi th  respect t o  the  center clue t o  t h e  g r e a t e r  d i s t a n c e  of the  

edqe from t h e  focal point .  

to a&iit.riiii a consis tent  t c r , i z ~ l c q y  .m.! ! 'PC.~-~SP fer t.he present  des ign  

t h e  f a c t o r  i n c r e a s e s  t h e  9 d . p  i l lumina t ion .  

given by thn fol lowing formula: 

'his factor w i l l  be termac! space gain  here  

%e space gain, CIS, is  

where 

f =  
zjc = 

4 =  

f o c a l  l e n z t h  of the main r e f l e c t o r ,  

focal l e n e t h  of the h s s e g r a i n  mirror, 

a const;ult  i n  t h e  equxt ion o i  t h e  Cassegrain mirror 

such t h a t  

t he  diameter of the  Cas3e::rain mirror, 

t h e  diameter 02 t h e  n a i n  r e f l e c t o r ,  

t h e  wint where 2 ray intercepts t h e  C a s e g r a i n  mi r ro r ,  

t h e  p o i n t  where the sane ray  i n t e r c e p t s  t h e  main r e f l e c t o r .  



and 2 
/ y z "  F -  - 

,I ihc follow'inr: iicare shows t h t .  s p c c  p i n ,  tile illumin;%ior, f r o n  the 

feed systex-i, a d  t h e  i l1cr i in: t ion as nodified by t h e  space cain. 

I 

0 '5 



The resill tant i l l umina t ion  c l o s e l y  approximt,es  t h e  pa rabo l i c  

' i l l umin3 t ion  used t o  calculate the  i l l ? - in ina t ion  e f f i c i e n c y .  The l a r g e  

inc rease  i n  slope a t  t h e  edge i s  due to making t h e  subtended angle  of 

t h e  main r e f l e c t o r  s l i g h t l y  more than t h e  subtended angle  of t h e  

Cassegrain mi r ro r  at, t h e  f o c a l  y i n t .  of t he  main r e f l e c t o r .  'his reduces 

t h e  maim r s f l e c t o r :  

I t  i s  quite npoarent Zron t h i s  formula t h a t  a 12 rge r  Cassecrnin mi r ro r  

boos t s  t h e  i l l un in - i t i on  Rear -  the edge of the  r e f l e c t o r ,  and will allow 

a more nea r ly  uniform i l l u r i i n a t i o n  t o  be produced by feedhorns of 

convent iona l  design. This n a t u r a l l y  w i l l  inp-ove the  a p e r t u r e  e f f i c i e n c y .  

The fol lowing table preselzts t h e  cain f a c t o r s  considered here.  

- 1.62 db 

- .2 db 

- (05 db 

- .3 db 

Gain Fac to r s  

64.9 db E n i f o n l y  i . l luq ina ted  ape r tu re  ga in  

- 1.80 clb Ef f i c i ency  due t o  i l l umina t ion  taper, blocking 

. by Cassegrain mirror, ~ ( i  snacc gain.  

RX3 su r face  error 

Cassezrain n i r r o r  defocusing 

3orn defocusing 

Denrlrtiire of average s h a p e  of main r e f l e c t o r  from 

t h s  ideczl parabol ic  shape. 
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- .5 db Aperture blockin? by Cassegrain mir ror  support 

s t r u c t u r e  

60.4 rib 3esiilt.ant gain 

(17.9 d b f  I Spec i f i ed  ga in  

The X A  l o s s  f o r  a .25 inch  ;2IS su r face  e r r o r  has been accepted a t  face 

va lue  pending a d e t a i l e d  s tudy of the surface to l e rance  nroblem. It i s  

hoped t h a t  the  ga in  l o s s  from the  aperture blocking by the Cassegrain 

mi r ro r  supnort  will be somewhat less thm the .5 db indica ted .  

i’hese computations show a s l i g h t l y  hetter performance than  t h a t  

s p c i f i e d .  

md Txhaustive s tudy  of t h e  f a c t o r s  degrading performance i s  necessary. 

This  performance cannot be guaranteed s i n w  a norc p r e c i s e  

b. r u m i 1 x i i y  SIDBLOIE cotIsm:;’wIom 

The design of any antenna system involves  i n  t h e  f i n a l  analysis 

t h e  conpromise of a mult i tude of i n t e r r e l a t e d  p a r m e t e r s .  

factor-.; in f luence  basic antenna p r o p e r t i e s  of p i n  and s ide lobe  leve ls .  

A multitude of cause-effect  r e l e t i o n s h i p s  Zct i?s c o n t r i b u t i n q  elcncnts 

t o  the {:encral sidelobe l e v e l s  ami cannot ,Tenerall;r be treated i n d e p m d m t l p .  

Althwiqh more detailed work w i l l  follow, thus f a r  t h e  major f a c t o r s  con- 

s i d e r e d  inc lude  a y r t u r e  i l l u n i n a t i o n  o f  t he  antema, ape r tu re  Mocking  

by t h e  Cassegrain r e f l e c t o r ,  s n i l l o v e r  of t h e  primary feed, and main 

ref l ~ j c  t o r  t o l e rance  s . 

A number of 

For purnoses of the i n i t i a l  des ign  i t  has been assumed t h a t  t h e  

an tenna  r a d i a t i o n  n a t t e r n  can be obtained by considering t h e  i l l u m i n a t i o n  



i n  the a p e r t u r e  of the antenna. 

coord ina te  system used, is  as shown i n  t h e  fo l lowing  fiwre: 

‘ h e  r a d i a t i n g  xper ture ,  x i t h  t h e  

x 

I 

illthough an exact  expression f o r  the  i l l umina t ion  of the antenna 

aper t t i re  would r e su l t  i n  a more accura t e  p red ic t ion  of the  sidelobes, 

it i s  no t  r equ i r ed  a t  t h i s  stage of t h e  analysis. 

a reqsonahlc  e s t in r l t e  of the  yrimary feed s ize ,  l o c a t i o n  and s u b r e f l e c t o r  

conf igu ra t ion  r equ i r ed  f o r  t h i s  apo l i cn t ion  by cons ider ing  a fairly sirnFle 

d i s t r ibu t , i on .  

bc r ep resen ted  ’by : 

It is  possible t o  o b t a i n  

It  hnrj , t h e r e f o r e ,  been assumed t h a t  t he  i l l umina t ion  can 
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where 

k = edge i l l umina t ion  with respect t o  t h a t  a t  t h e  center .  

?his d i s t r i b u t i o n  does no t  take ndv<antage of  t h e  wssibilities 

of conLrol l ing  t h e  slope of t h e  i l l umina t ion  a t  t h e  edge of the  main 

reflector by reducing t h e  <angle subtended by t h e  submirror  wi th  respect 

to  t h e  main r c f l e c t o r .  It will, however, give a reasonable  e s t ima te  of 

t h e  s ide lobe  level until it is F s s i b l e  t o  perform more exact. c a l c u l a t i o n s  

using measure? p r i n a r y  i l l u m i n a t i o n  pafvt,erns Tnd numerical  i n t eg rq t ions .  

'niis d i s t r i b u t i o n  a l s o  assums that, t h e  i l l umina t ion  is in-pnase over  t h e  

apertu-e and independent of' t h e  =?le p . Phase e r r o r s  and asjmnetries, 

i n  p * are then treated sepa ra t e ly .  

llsinp t h i s  type  of d i s t r i b u t i o n  it i s  possible t o  express  t h e  

?antenna p a t t e r n  v i t h  t h e  approximate express ion ,  
/ 

where 

%('A! r )  = Bessel func t ion  of first kind of order zero. 
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S u b s t i t u t i n g  for 1 (f) , i n t e g r a t i n g  the r e s u l t i n g  express ion  and 

making iise of t h e  r e l a t i o n  

At this m i n t  i t  is convenient t o  normalize the r ia t te rn  to u n i t y  a t  

3 
95. 0 and o b t a i n  t h e  power Dattern.  T h i s  g ives  

a good anproximation f o r  t he  va lues  of  /,$,cq), f o r  arements greater than  

S u b s t i t u t i o n  of tliis exnression i n  the normalized 3ower Fattern g ives  

A t  t h i s  p o i n t  tile value of ind iv idua l  sidelobes i s  no t  of ? a r t i c u l a r  

interest. 

remain b l o w  a snecificd v a l u e  beyond two delyees. 

.ihq.t i s  d e s i r e d  i s  t h a t  t he  e n v e l o p  of the  sidelobes should 

‘ h e  envelo? of  this 

p a t t e r n  i s  f;iven by 
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ne des ign  being c m s i d e r e d  at this time i s  t h e  240 f t .  r e f l e c t o r  so that  

t h e  minimum value of 4 becmes,  

This expression r e p r e s e n t s  t h e  sidelo'ne energy .he t o  the main 

ref lcctor  i l l u m i n a t i o n  a t  two degrees. 

con t in~xcs  t o  drop , x t  (Treater nni:les. 

The enve'lo? of t h e  3idclobf?s 

Values of t h e  sideloSez f'or v n r i m s  

illurni na t ions  are as follows : 

Sdge 1ll .uninat ion 
in db i n  CYQ JL 

1 0 49.6 

0316 10 54.2 

20 64.4 

To cons ider  the  con t r ibu t ion  of t he  blocking caused by t h e  

Cassegrain re f lec tor :  
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-1 
GainfC, i n  d b  

. -  

61.8 

53 . 1 

50.6 

55.9 

55.7 

Summinp the sidelobe l e v e l s  which result as a consequence o f  

a F r t u r e  i l l u m i n a t i o n  and t h e  blocking of the  amrture by a 24' sub- 

ref lec  Lor gives t he  fo l lowinc  relationship t o  edge i l l u m i n a t i o n  of t he  

aperture : 
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The s p i l l o v e r  sidelobe levels  for  ?& given feed l o c a t i o n  and 

C'assegrairl mir ror  size depend u p n  t h e  design of t h e  feed. 

connuta t icns  k r i l l  show t h a t  a square horn v i t h  a 5A aperture and 20' 

flare angle  w i l l  produce adequate s i d e l o k  levels when plncerl 15 f e e t  Tram 

the vertex of the  main rcf lector  and uEed w i t h  a 24 foot Cassegrain mirror .  

The following 

%e Pain,  GA, of t h e  antenna with parabolic i l l m i n a t i o n  i s  given 

by the fol1.owiti;; formula : 



. *  

where .75 is  t h e  e f f i c i e n c y  
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of parabolic illumination, 

a horn with t h e  a4perturc,  A ,  is  Given by t he  following 

* 

i o m u l l :  

shere 0.81 i s  t h e  e f f i c i e n c y  of a horn i n  t h e  7'810 or TEol modes. 

%?presentin< t h e  edze i l l uminz t ion  by t h e  symbol, (iE, t h e  s ide lobe  

level, SL, is  e iven  by t h e  fol lowing formula: 

The an,:le subtended by t h e  Cassegain mirror is 300. From figure 10.10 

b, Pai;e 339 of "i-licrowave Antenna Theory and Design" by S .  Silver it is 

estimated t h a t  t h e  edge i l l umina t ion  w i l l  be 14 r i b .  FiiJurc 10.12 b on 

Pnqe 361 shows that t h e  i l l umina t ion  i n  t h e  o t h e r  plane will be 15 db. 

hese experimenLa1 p a t t e r n s  are for z e c t o r a l  horns;  howver ,  i t  is felt 

thq1. f o r  a preljrnin-irj  des ign  these v a l u ~ s  represent, t he  r e s u l t s  which could 

be otitained f o r  circularly polarized horns .  

SL shows t h a t  t h e  sidelohe !?vel is 53.6 tlb which meets the 92 db 

s p e c i f i c a t i o n  f o r  s ide lobe  levels beycind 2' w i t h  a l i t t l e  t o  spare f o r  

neg lec t ed  f a c t o r s .  

w i l l  e a s i l y  surpass t ! iFs  pcrfomance whi le  m-ovidinc the  optimum 

il l i inination f o r  t h e  main r e f l e c t o r .  

A s  a r e s u l t ,  t h e  formula for  

It i s  expected t h a t  a more soph i s t i ca t ed  feed dezign 

rhe i l lurninat ion of the  aper ture  wiich resu l t s  f r o m  t h i s  feed 

ciesign has not  been determined. 
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111. CAS.;dGR,AI!! ?ZFISCTOR r7oSITION TOLEFWXE 

The e f fec ts  of t h e  pos i t i on  e r r o r s  of t h e  subref lec tor  on t h e  

performance of the  antenna have been determined by t h e  a p p l i c a t i o n  of 

t h e  a p e r t u r e  f i e l d  method of computing antenna p a t t e r n s .  

uses ray t r a c i n g  to  determine the  amplitude and phase of the  e lec t romagnet ic  

f i e l d  on a plane sur face  i n  f r o n t  of t h e  antenna. 

f i c ? l d  over thi:; surface determines the  ga in  p a t t e r n  of t h e  antenna. 

scalar apwoxin.-ition of t h i s  i n t e g r a l  i s  s u f f i c i e n t l y  accu ra t e  t o  d e t e r n i n e  

This technique 

An i n t e g r a t i o n  of t h e  

The 

t h e  e f f e c t s  of t he  pos i t i on  e r r o r s  of t h e  s u b r e f l e c t o r .  

Appendix I shows t h e  4e r ivx t ion  of the formula f o r  t h e  change i n  path 

l e n c t h  r e s u l t i n g  when t h e  subreflector i s  displaced perwndicul2.r  t o  t h e  

axis of t h e  main r e f l ec to r .  rrl ihe de r iva t ions  are not  included f o r  d i sp l ace -  

(. 

w n t  parallel to  t h e  axis of t h e  main r e f l e c t o r  ,and f o r  r o t a t i o n  about  an  

cwis tnrough t h e  ve r t ex  of 1.he subrPflect,or pe rmnd icu la r  t o  the  axis of 

thc? na in  r e f l e c t o r  s i n c e  thezr a r e  v e r y  s i n i l a r  t o  the  d e r i v a t i o n  i n  Appndix 

I. 

The fo l lowing  s,vrr,bols will be used i n  t h e  formulas f o r  t h e  chang? i n  

pa th  l e n g t h  of t h e  rays from the  feed t o  t h e  ape r tu re :  

SR = d i s F l a c m e n t  gf the  s i ib re f l cc to r  perpendicii1a.r t o  t h e  a x i s  

D f  t h e  main r e f l e c t o r  

Sr= displaceinent of t h e  subreflector p a r a l l e l  t o  the  axis of 

tile main r e f l e c t o r  

8 = r o t a t i o n  i n  ra;lizns of thr: s u b r e f l e c t o r  about an a x i s  

t h r o w h  i t s  v e r t e x  ,mind perpendicular  t o  the  Rxis of t h e  

main re f lec tor .  
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3 = t h e  change i n  the  p:th l eng th  due to  t h e  rot,atior! and 

both dis?lxcements 

d = d ime te r  of t h e  sub re f l ac to r  

3 = d i x e t e r  of the  m a i n  re f lec tor  

f = ha l f  t he  foca l  l eng th  of t h e  s u b r e f l e c t o r  

F =  focal l e n g t h  of the main ref lector  

The formula f o r  t h e  shape of t h e  main reflector i s :  
RZ 

Xi F - q ~  
and t h e  fornula for  t h e  shape of t h e  subref lect ,or  is 

where : 

x = the  distance xlon!: the  ?--xis of  t h e  main r e f l e c t o r  from 

thc focus 

R = t h e  J i s t a n c e  Cron the axis of t h e  main re f lec tor  

f?, = the  I! a t  which a ray i n t e r c e p t s  the s u b r e f l e c t o r  

d = a conat'mt, yiven hy the fcmula 

3' = cia t dd/z 
h e  f o r m d a  f o r  the e r r o r  i n  path l e n g t h  is : 



where : 

fi i s  t h e  angle  about t h e  m a i n  r e f l e c t o r  axis measured from t h e  

d i r e c t i o n  of  the  displacenent SR and 81 i s  the  axis of r o t a t i o n  

of t he  sub re f l ec to r .  

‘he shape of t h e  i l l . u r~ inn t ion  on t h e  r e f l e c t o r  i s  unknown and m y  change 

dur ing  t h e  l i f e  of the  antenna;  however, any tapered i l l m i n a t i o n  w i l l  

emphasize t h e  c e n t r a l  reg ion  of the e r r o r  curve and t h u s  w i l l  a c t  as  i f  

t h e  whole r e f l e c t o r  had t h e  e r r o r  ex t r apo la t ed  from t h e  center .  

r e s u l t  t h e  formula for  the e r r o r  i n  path l eng th  s i m p l i f i e s  to: 

As a 

Comparison of t h e  two f a m u l a s  has  sho7.n t h a t  a uniform i1li:mination w i l l  

have less hores igh t  e r r o r  And less defocusing than is eivon by t h e  

approxj.mte fomu12,  so t h e  apnroximate formula q i v e s  a reasonable upper 

bound t o  t h e  effects of t h e  e r r o r s .  

Sxamination o f  t h e  p,-.th l eng th  e r r o r  fomdci shows t h a t  t he  po in t ing  

error i s  nroduced by sc and 8 , while  t h e  defocusing error i s  produced 

by SN. 
Denote t h e  poin t ing  e r r o r  by 4 . The formula for the  po in t ing  e r r o r  

i s  : 
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where : 

/shM = the  m a x i m u m  value of s and it i s  assumed t h a t  t he  y s i t i o n  

\<here a rqy i n t e r c e p t s  t h e  aperture i s  d i r e c t l y  propor t ion  

t o  t h e  r a d i u s  where the  ray i n t e r c e p t s  t he  s u b r e f l e c t o r .  

The value(vmHFof s occurs  when H = d/2,  #=a, 4 = v.k 
5~ and 8 have the proper r e l a t i o n s h i p  of signs. 

s u h s t i t u t i n E  f o r  /S/,-,,flg * 

, and 

As a r o s u l t  of 

d 
Mith the  sliosen parameters,  d = 24 f e e t  ,and ?.f = 't5 f e e t ,  

$= , Z O O / 8 /  t .  

where SX i s  measured i n  feet.. 

The s u b r e f l e c t o r  has  been a1 owed 114 of -the , o t a l  po in t ing  e r r o r  of 

- + .02O, namely 2 .OO5'. ;;ith 8 and $ expressed i n  degrees  the  allowed 

displacement  and r o t a t i o n  i s  e iven  by ; 

$L= #=z00/8/ +,  9 5 5 / 5 K l  

/ S R /  f 252 /e/ 1. 
If sn i s  expressed i n  inches ,  

I063 
The mechanical des igne r s  can use t h i s  equat ion t 

to l e rances .  

.oo5 

balance t h  p o s i t i o n  

The ga in  loss of ar! xntenna due t o  a c i r c n l a r l y  symmetric pa th  l e n e t h  

e r r o r ,  S O ,  i s  given by the  formula 



- _  

- 22 - 
where : 

c = d i s t o r t e d  Eain, i;, = undis tor te t i  qa in ,  jk)= i l l m i n a t i o n ,  

A = area of r e f l e c t o r ,  and k = p r o p i p t i o n  cons tan t .  

@ a  From t h e  formula f o r  S it i s  found t h a t  ,’ 
- 2 (-$-d-d(jr) - - -_-_- z /$ - Z J  sx 

s(R) = - d d 
The cons t an t  p a r t  o f  rfddrops o u t  i n  t h e  loss formula l eav ing  the 

(To I I 
This formula w a s  evaluated forf’.4)=/ Kith t h e  result ; 

cz = / - L ( X - d s y  
GQ * d r 

‘he formula w a s  also evaluated for JCR,‘ = ,I - ( y) 
witn t h e  r e s u l t  

The result f o r  t h e  uniform ape r tu re  i l l u m i n a t i o n  

will be used since i t  sIiows t he  g r e a t e s t  loss i n  gain.  

/<PI=/ 
It is r e a l i z e d  

t h a t  t h i s  r e s u l t  will tx? somewhat pessiTistic since t h e  i l l m i n a t i o n  i s  

high i n  a reg ion  where t he  a?nroximate pa th  l eng th  f o m a l a  over  z s t i n a t e s  

the path length change. 

A loss of ,2 db from t h i s  fz.ctor appears  t o  be reasonable  from t h e  

work done by X A ,  Consequently, t h c  allowed disnlacement along t h e  axis 

of t h e  main r e f l e c t o r  is .44 inches. 

The i n t r o d u c t i o n  of more realistic p a t t e r n s  and numerical  i n t e g r a t i o n  

should relax this t o l e rance ,  



i 



f 2 F -  
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2hts  inlegrattor, can be perforned to g i v e  the fo l lov ing  result: 



shows t h e  9ffective area as a u n c t i o n  of the pnsit iot l ,  X i ,  of t h e  base 

of;' the leg and the pc?sit.ion, S, Et Ghlch the . L P ~  penetrates the aperture. 
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suppwt leg t:hcli:ld be Located frcm 1.2F t o  S . 6 F  f rm the ax is  of the 

main  re f lec tc r  x%ile the merture intercept polnt shou.:d %Q .3F to .5F 

f r c m  the axis. 

a d  m e  of  18 feet to 3fl feet f o r  an antema with a diameter c j f  2hO feet 

and an F/D r a t i o  of .?5, 

of t h e  rninimux $hadm area f o r  a leg wtth the given width. 

be rated that f o r  un i fom iIl\nmimtl,on, o r  other typos of l i m i t a t i o n  on 

the width of ?,he support leg", t h e  Legs should be located even further 

f r c m  t h e  a x i s  Izt the mai-n reflector, 

'Ihese dksterxes translate -ta a range of 72 feet to 96 feet 

'$e effective shadow are8 ~ 1 1  be 7% to IM$ 

It should 

The next cons idera t ion  .is t o  determine the l o s s  in and t h e  sidelobe 
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&em - is the effective area of the skadik id a l eg  and f i . z t  is a 



111. 

for a giver, s q y ~ o r t  leg,  rhe better efficiency of thr unj fom 

( n o t  tsr: scale)  : 



- 
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The sidelobe levels dotermi-ned sbove a11 not meet the s p a d f i c a t i o n  

f o r  t-he D5YF antenna tha t  the sidelabes beyond 2' be dnm 52 db fram 

the main bcm. 

igrnnring a l l  other sidelobe cont r ibu t ions  the support l eg  can only be 

5.6" wide. Since %5e lobe rust be at least 6 db below 52 db to al low 

for other m a j o r  sidelobe sourcos t h e  slipport leg should actua:ly be 

only 2.8't wide. 

In fact, to just  meet t h e  52 d'n spec i f fent ioc  *iae 

A Cassegrain mirror  s~pport  s t m e t u r e  xith legs only three inches 

wide is obviausly w;t possible .  %is geometricad optfcs  apvroach 

demonstratr_,s t ha t  the slr' ,e l~b~?s preduccd by the support stmcture 

dl.? not neet the sidelobe specif icat ion f o r  the DSIF antenmi. 



I 

I ,  
t 

R e  offsct ive blackinr  ddUt, W , of t h i s  truss would be Lt ( 9  $- V/;L ) . 
Fhraluating t h i s  hfd+& with the above geometrical optics f o m P a s  

shows t h a t  the conbinet! width of a large member and a s ~ a l i  member 

of the truss can only be .qn. We do not believe that  a trliss w i t h  

members this size tcronld s a t i s f y  tho mechanical. requipements ef the 

Cassegrain rnirmr st~pport structure. 

Obv5aualy, t h i s  sinplified treatment. of the di f f rac t ion  of t h e  r.f, 

fi ,eld f rm the Cassegraln mirror supycrt structure is not adequate 

t o  empletely dispose of the prohlan. 

!3:stil inme rigourous evi.%ence Is ava-llilbl e ~ A f c h  shc-*s the npyoeite 

r e s u l t ,  te believe +fiat t he  sidelobes produced by the Csssegrpin n i r r c r  

Esxypert stmcture vi11 n c t  meet t h e  52 db sidelobes be:wnd 2' speciffcatioa 

for thc  DSr2 antenna. ' h e  bes t  that can be hoped f o r  is t o  design a 

s i p x r t  s t r u c t ~ ~ r e  e'icb will orduct. the mini m m  possible  sidelches. 

R i a  w i l l  s q u i r e  Pxtensive r.f, analysis and sqlerEment and i n g e n l m s  

mee!inniml desipn. A s  an al tercate ,  a ;?lore realistie specif icat ion should 

be s e t  fer sidelobes generated by t h e  s u ~ o i * t  structure,  

A aabsiciiarv result of t%e diffractAon theory ;ippl.icatPon to th i s  

pmblm shwix3 that. these s ide lobes  depend on the po1arfaRtian of *.e 

r.f. fie?.d and will rise and f a l l  as the polarization &ages. 



1 

Some of the dhffrection effects t h a t  need closer investigation are 

resonznces between members and a t  junctions, the effect of f i n i t e  

member lengths, illumination that is not normal to the nenbem, 

fllumlr\,ation by spherkcal OF near qherfcel  waves, am1 multiple 

reflections. 

t o  be feasPble, but reasonable estimates of the dif fract ion e f f e c t s  

Zxact computations fer a ccmplex structure do n e t  seem 

sh o d d  be, possible. 

E, 0Pie-rtat.ion 

The effect of the Gasserrain ref lecter  support  s t s u c t l ~ ~ e  on t he  anterim 

perfomawe is an inportant considsrat,ion. Section IV = A ccnrif iers  $he 

sidelobe levels and gain lo s s  produced by the stipyjort structure bath of 

oft?ich contribute t o  reducing t h e  effective f i r i r e  of merit. 

on! y the s idclobe positions are significantly influenced 'by the 

o r i e n t a t i o n  of the  feed  struct.Jre. 

However, 

h e  eidelobea due to aperture blocking by a tripoct k i l l  bg asymmetric, 

and t h e i r  m=gnitude rdll vaty with tine polzr izat ion of tho received 

slgnal, As a result, the tripod should cause B greater boresight 

emor *&an B cpadripcd and a boresigb,t error that  varies with polarin%tion, 

I n  canipensekicrn, 3 t ~ L p 3  zlght produce less a?erture blocking because it 

has three legs instead of four and the sidelobes of the Legs are not 

.si: perFwpQsd 

In the absence of a camputatisi 0-? the beresfgl~t e r m r  due to a tripod 

and since t h e  cmqxrative mechanical data avdilable f o r  a t r i p o d  and 

qqiadripod indicates a preference for the quadripod, #e q ~ ~ d r i p d  seems 

to be the best choice. 
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it is desirable tc, be able to l i s t en  close to the sun and other  

irst8ezofering sources 3n the ecliptic. 

s'iippwt s t s a c t a r e  should be oriented so that the:,- do not pick up 

the j n t e r f e r i n g  sources in the ecliptic,  

pa?" !s a ? l o t  of the angle between a ver t ica l  -lane passing through 

the antema ar-td the ecliptic as a f m c t i o n  of t h o  k u u ~  m g l e  far 

v a ~ o u s  angles of tine eiliptla: above t h e  f ic~izor ; .  

The sidelobes due to the 

"be fiwre on t h e  f c l l o h h g  

Since the earth rotates at ii cons tan t  rate, cr?stant. time periods 

are I silent trevelosinp equal. h o w  angles. ?he result of dif f e r t x t i a t i n g  

?.ti*- r"unct,ii?nal relati onship betwen these a w l  es comb1 ncd  vi th the 

tact .  t h a t  the sidelobes 6ue t o  the X pnsi;t.ion or" the support  s tmc tu re  

i.ntcrcer.t t ~ ~ e  ecli i l t ic twice (if a t  a l l )  S ~ O W F  t:;at the X posi t ion w i l l  

pr iduce  more t'P,,an t w k e  the  period of interference than the nlus position 

d",. As a result ,  VP pwfer the r?lus p o s i t i o n  f o r  the 3upport stnieture. 

-4s a 5y prcbuct it should be observcpd t h a t  the X n i x i t i o n  fs 

pi-eferable fcr a jxll~ir m o w t e d  cmterinci since t h e  sidelctes creeted 

by the support structure wcvild n i j v ~ r  Intercept the ec l ip t i c  and 

pick tip t h e  in te r fe r ing  socrces. 
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'Jecitinghouse has  rroposed t h e  use of a steel surface f o r  t h e  sub- 

ref lector  of the DSIF ant,enna. Since s'veel has more resist ive loss  t h n  

tine comon candluctors such as aluminum and copper, t h e  power 105s in the 
. 

steel should he determined. 

j i n c e  we have been tinable t o  lo cat^ any dat? concerning the r e f l e c t i o n  

of elect,romagnetic energy from steel a value of loss must be computed. 

Appl ica t ion  of re f lec t ion  theory shows t h a t  t h e  'ratio of the reflected 

wxer t o  the !oxer i n c i d e n t  on a surface i s  given by t h e  formula; 

where 

p = power, 

eo= dielPctr ic  cons tan t  of free space, 

A. = p r r s e a b i l i t y  of free space,  

.".',= p>rmeabilily of reflecting material, 

b =  frequency i n  radians per second, and 

= conduc t iv i ty  o f  ref lect ing m z t e r i a l .  

~ i i e  conduc t iv i ty  o!' a common steel, ~ A E  IWS, is b.5 106 miles per 



where it has  'wen assruncd that A- = 
Since steel may not  be completely nonmagnetic a t  2295 mc perhaps 

n i w p r  /u, should be used. 

woul:! havepa < at 2295 PIC. As a r e su l t ,  

The best available magnetic materials 

<" 
lhc  s f fec t ive  noise  temperature,  G ,  of t h e  steel ref lector  i s  given 

by ihs i'oll-owing formula, 

:;ince t h i s  noise t e n p e r a t w e  is not  p roh ib i t i ve ,  steel would be usable 

a5 a. reflectir-ic surface. 

i q i l l  be required on t h e  s teel  f o r  w o t e c t i o n  from corrosion. 

t.iiFs t-oating should provide Tor re f lec t ion  and sca t te r ing  of i n c i d e s t  

+h+-.rmal energy t o  reduce neat absorption i n  t h e  s t r u c t u r e  m d  thermal 

concentration st the feed p o i n t .  

' w i n g  maue. ':"ne f i n d  coating chosen may increase t h e  skin i o s s  ana become 

t he  rna,ior de t e rn in ing  factor i n  this  con t r ibu t ion  t o  t h e  no i se  temperature. 

It should be not&, however, that a coat ing  

In addition 

An cva lua t ion  of possible coatings is 

It shod13 Se nntod t h a t  a s o l i d  copper antenna wou:-i have ,̂ + Z I G ~ S ~  

t n m F r a t u r e  of .055' K am? a s o l i d  alwninum mtenna would have a no i se  

tcmwratux-e of .07' K. 

fcwtor would have a noise  temperature of 4 

A perfectly conducting mesh with a 99s ref lect ion 
0 

K. 
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VI. ?iiOCE4M - 0% X1XT PLRIQD 

>t r ine  the next per iod t h e  t o t a l  effort i n  the genera l  area of the  

:WcmiJave Opt ics  System" w i l l  d iv ide  in to  t h r e e  general categories : 

a. 3ubstantiated determinations of factors influencing basic 

mechmical rroblerns (i. e. particiilarly f a c t o r s  in€luencini :  F i n t i n g  

accuracy)  : 

n. I. iolerances on Cassegrain mirror location (essentialby 

5. 

i .  

Drgradation toleranczs due t o  increased w5nd v e l o c i t y  

Considerat ion of effects of d r a i n  holes  and cracks. 

.. 
I .  rJvaluation J f  f a c t o r s  ir!fluenci.nq noise  temperature (par t ia I ly  

2. Continued s tudy  of f x t o r s  inf luenc ing  s ide lobe  l eve l s  

(partially complete) 

, 7  3. Ficure of  Merit, and Lransmit k i n  r2-dculntions. 

c .  &sign  Consickrat ions of Source Systen 

e x t e n t  the "basic" mc?chnnical ,.lesigns. For  t h i s  reason t h e  source feed 



system and t h e  nicrcwave plumbing arrangement required to satisfy the 

s p e c i f i c a t i o n  requirements have been retained f9r study dur ing  the l a t te r  

p r t  of the progrm. 

the h u r c e  3ys tm. 

&.ring the next  period we w i l l  develop in d e t a i l  



, -  

I 
I 

I 
I 

I 

Derivation of t h e  path length change due t o  a di.splacement of  the 

mhreflector  p-rpenriicl-rlar t o  t h e  axis of t h e  main reflect.or. 

The fal lowing sketch shows a ray between the  feed a t  A and t h e  

aperture, w i t h  the o r i g i n a l  hvyper'mla drawn dashed. 

the hyper?,ola is s'no?-rn. 

only a sec t i on  of 

... D l  .......... . . . . . . . .  . . . . . . . . . . . . . . . . . .  . ~ . - -  
... ......... . -. ........ . . . . .  . . . . .  - .___ D c -- = __ - 

i 
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. 

*T Ihe equa t ion  of t h e  h;.;lerbola i s  

It can be shown t h a t  

It. i s  a l so  au?r.oxi.mately triie tha t  



and 

6 
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and t h e n ,  

r r l   he a p p r o x b a t i o n s  used in this d e r i r - t j o n  are  very good 'and cannot  

si g n i  fi c m t l y  nf fe  c t t h e  results . 



C. AHTEX"N SYSTEM 
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POSITION SENSING 

Because o f  the  large physical s i ze  of the antenna 

s t r u c t u r e ,  the severe environment condi t ions of wind and 

temperature and the need f o r  extreme accuracy I n  poin t ing  

and pos i t i on  ind ica t ion ,  the synchros normally ooupled t o  

the  moving shafts are su i t ab le  only as "coarse" s y s t e m .  

Such a system w i l l  be included but  a "f ine"  system I s  also 

required.  The "f ine" system I s  t o  be very aceupate. One 

of the regulrementa for i t  I s  a stable "ground" re ference  

from which the antenna r o t a t i o n  about i t s  two axis are t o  

be measured. 

extending a v e r t l a a l  tower above the  p i n t l e  bear ing around 

which the antenna s t r u c t u r e  rotates In azimuth. Surround- 

Such a reference w i l l  be made ava i l ab le  by 

ing  the  tower will be a windshield pro tec t ing  It from ex- 

t e r n a l  dis turbances so t h a t  i t  remains f ixed  r e l a t i v e  t o  

t h e  ea r th .  On t o p  of the tower will be looated two miniature 

un i t s .  One of these w i l l  be an  equa to r i a l  mount while the  

o t h e r  u n i t  will be an AZ-EL mount. These two u n i t s  will be 

located a t  the  In t e r sea t ion  of the two axis of r o t a t i o n  of' 

the  antenna. A model of the dua l  u n i t  is shown on Photo 

No. 1. A simglff ied arrangement of the func t iona l  p a r t e  I s  

shown i n  Flg.  1. It i s  t o  be noted from the photo and from 

the figure that  axis of the miniature  AZ-EL u n i t  may be 

made t o  coincide with the AZ-EL a x l a  of t h e  antenna. Further- 

more, t h e  Hour Angle (HA) and Dealination (DEC) axis of the 

e q u a t o r i a l  u n i t  coincide with the AZ-EL axis of the 

miniature  un i t .  With suitable aervo systems the dual minia- 

ture u n i t s  w i l l  be made t o  follow the AZ-EL motions of the 



\ 
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antenna. Therefore, with enooders o r  p o s i t i o n  i n d i c a t i n g  

t ransudcers ,  the shaft motions of the miniature u n i t s  may 

be Indicated a t  a remote locat ion.  

Successful operation of the p o s i t i o n  indicrating systems 

depends on a stable reference on the antenna. 

ence w i l l  be available behlnd the ver tex  of' the antenna and 

w i l l  c o n d a t  of a mount which will be supported from the 

Such a refer- 

main s t r u c t u r e  so as t o  be free from i t s  d i s t o r t i o n s .  On 

this will be louated the bore sight telescope t o  which the  

main dish w i l l  be aligned. Also, on t h i s  s t ruo tu re  will be 

mounted an autocol l imator  and 8n opt ioa l  mirror. These will 

be aligned with o t h e r  op t ioa l  mirrors and autooolllmatore 

orj the A2-EL mount and on the e q u a t o r i a l  mount of the monitor 

unit r e spec t ive ly .  The arrangement is shown i n  Fig, 2. 

The funut ion of the autoYs3lhator . ia  t o  provide a par- 

a l l e l  beam of' l i g h t  and d i r e c t  It toward the mirror, which 

reflects i t  back toward the autocollirnator.  If the r e t u r n  

beam l ies  precisely along the axis of the forward beam the 

voltage ou tpu t  (signal) from the  autooolligoator is zero 

(nulled condi t ion) .  However, if the beame are not In line - 
which is the case when the mir ror  is n o t  at right angles  to 

the beam of l i g h t  - an error s i g n a l  I s  produced whhh is 

propmtbnal t o  the misalignment. Furthermore, this s i g n a l  

I s  phase-sensi t ive so that It may be applied t o  control 

servo motor which I n  t u r n  r o t a t e  the mirror or the auto- 

collimator until the beam8 are preOi8ely i n  line. The muto- 

co l l ima to r s  t o  be used a r e  of the  "twin" type having two 

orthogonal l i g h t  beam8 80 that two servo systems are available 

8 
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for oorreating the poaition of the mirror in two directions 

at right angles to each other. 

With a twin autocollimator mounted behind the antenna 

and with a mirror on the mlnlatu??e AZ-EL unit, the two ortho- 

gonal light beam6 (within limitations) will produce e r r o r  

signals which are applied to the proper 8erv0 motors control- 

ing the axis of the AZ-EL units. 

servo motors rotate the mirror until the reflected beam6 are 

precisely in line with the forward beams. Under this condi- 

tion the error voltage becomes zero and the mrvo motors 

stop. If now the antenna is moved an amount within the 

sensitivity of the autocollimator, the error detection syetem 

w i l l  automatically reposition the mirror. The position in- 

dicating transducers will automatically transmit P corrected 

AZ-EL poaltlon indication to the readout and to the servo 

system. 

(Refer to F i g .  3.) The 

A similar arrangement exists for the miniature equatorial 

unit except in this case the mirror is mounted behind the 

antenna while the twin autocollimator is mounted on the mini- 

ature equatorial unit. With thia arrangement, the equatorial 

axis are provided with the proper error aignals in order to 

re-orient the autocollimator and its beam toward the mirror. 

If now the antenna I s  moved any amount within the seneitivity 

of the autooollimator, an error I s  produoed. This error, 

however, is in equatorial uoordlnates and is entirely auit- 

able for applying to the servo motora which aontrol motiona 

In the same coordinates. Therefore, by using a miniature 

equatorial unit on top of the tower, the AZ-EL motion of the 
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antenna is automatloally converted into equatoyial motion 

and the coordinates ape transmitted to remote indicatorls by 

means of' transducers on the Shaft8 of the equatorial unit. 

The accuracy of the poaitlon Indicating systems depend 

entirely on the accuraaies of the components. Autocolli- 

matars are now available with a basic  accuracy of +' 1 second 
of arc. Some position Indicating transmitters have a basic 

aacuracy approaching - + 0.001 degrees. These, however, are 

not completely adequate. Further study I s  needed that speed 

of' msponee of the mount drive oan be made fast  enough to 

permit following the antenna at m a x i m u m  velocity without 

exceesive error. Range of the most sensitive autocollimator 

l a  - + 30 minutes, 

- 

For initial alignment and In case the 

mirrors and autocolllmators become out-of-phase 8 

agnohro system will be used. Operation of such a 

w i l l  be described later. 

Since the coordinates are 'readout' from the 

the miniature units, deflections or dlsplauements 

coarse '' n 

system 

axis of 

of the 

antenna support structure do not affect pointing accuracy. 

The flat mirrors used with the autocollimators permit par- 

allel displacements between the axis of the antenna and the 

axla of the miniature units without any misalignment of the 

optical beams. 

of pointing. However, any angular displacements are measured 

88 errors f o r  which corrections are made by the servo 

systems. 

Such displacements do not affect accuracy 

High preoision angle encoder connected to Azimuth and 

Elevation shafts  of the instrument mount I s  proposed to give 
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a d i g i t a l  Indication o f  antenna goaltion. 

I s  available  from Norden Dlv. ,  United Aircraft Company, 

whioh has a r e s o l u t i o n  of 0.001* and w i t h  auxiliary equip- 

ment can provide a s ix  decaUe binary coded deolmal s ignal  

of shaft'pdsltlon, at speeds up to 100 degrees per second. 

Such an encoder 

4 

, 





- 1  

MIRROR ~-1 
OR 

AUTOCOLLIMATOR 

- -  

M I NIAT U H E 

c-1-7 ~ 

! 
AZIMUTH 

A X I S  

ALTITUDE: 
AX1 S 

.W' 

I 

,/' , '' ' , I 
TOWER 



00 
I 
H 

I 

I) 
I 0 

w 
I '  

\ 



I - 

I - , '  

' I  

i f  2 
Q I 

cn 

i 

cn 
I 
H 
I 

l o  

! \ 

! 

w w z .  
I .  

1 I 
, 

0 0 ;  1 L a  - - -  I 



C-1-10 

ImTROlXrCTIOM 

A highly d i r e c t i o n a l  antenna f o r  optimwn performance 

depends upon c a r e f u l  adjustment of the  phase pa th ,  This 

is  t o  a degree dependent upon the  maintenance of a c o r r e c t  

paraboliu r e f l e c t o r  surface and a c c w a t e  knowledge of its 

mechanical d i r e c t i o n a l  axis. 

To do t h i s  t he re  must  be an  alignment systerc t o  e s t a b l i s h  

and v e r i f y  basic  a l ign ing  references,  This overall system 

includes equipments and procedures t o  provide: 

1. Geodetic systen coordinate check-out, bench marks, 

thaodol i te  p i e r s ,  e t c .  

Syster: or thogonal i ty  oheakout 2 , 

3 .  B o r e s i g h t  te lescope ulignaent and checkout , 

4. AZ-EL axes tower cthsckout, 

5. Collimation tower alignment and checkout , 

6. A system t o  monitor Cassegrain Position, 

7. A system t o  monitor the  paraboloidal  surf'eice. 

The context of this repor t  presents irethods considered 

as feasible t o  provide certain of the above s t a t e d  systems, 



c-1-11 

ALIGNILEXT AND OPTICAL TISCHNILUES 

SCOPE A. - 
The t echn iaues ,  equiprient snd procedures  f o r  v e r i f y i n g  

t h e  pa rabo lo id  of t h e  240 f o o t  d i s h  a r e  given. The t ech -  

nique o f  establishinc t h e  Soresi,y:!._t a i s ,  the Cassegrain 

ax1.s and f o r  r e f e r e n c i n g  tLesa t o  eauh o t h e r  is developed 

i n  t k e  con tex t  of this r e p o r t ,  The o v e r a l l  DSIP d i g n m e n t  

system is given i n  o u t l i n e  ?om. T h i s  r e p o r t  does n o t  

i n c l u d e  t h e  method of e s t a b l i s h i n g  ground references f o r  

t h e  o r i g i n a l  e r e c t i o n  p l a n  of t h e  s q p o r t i n g  s t r u c t u r e s  

o r  t h e  collimation towers. 

B e  RXQUIREkEXaT 

The c e n t e r  of the feed horn  a 9 g r t u r e  t h e  feed horn 

d i r e c t i o n a l  c e n t e r l i i i o ,  the focus  o f  t h e  p a r a b o l o i d a l  dish, 

t h e  c a n t e r  of c u r v a t u r e  o f  the Cassegrain a re  colinear and 

on t h e  n o c h a n i c a l  a x i s .  Theso are  t o  b e  positioned and 

monitored x i t h  res:>cct t o  t h e  nechi?enicsl p o i n t i n g  axis and 

t o  each  o t h e r .  To do t h i s  the fo l lowing  inust be done o r  

e s t ab l i shed ,  

1. The p e r a b o l i c  surface m u s t  b e  Iaonitored to i n d i c a t e  

conformmoo w i t h  + ,h i s  reouirement and t a  i n d i c a t e  

deviation i n  s u r f a c e  c o n f i g u r a t i o n  g r e a t e r  than  an 

r m s  d e v i a t i o n  u s  s ta ted  elselvhere. A fixed eavelope  

concept  of d i s c r e t e  p o i n t s  represent in; ;  t n e  d i s h  

c o n f i g u r a t i o n  are re ferenced  t o  edch o t h e r  and Viith 

respec t  t o  t h e  mechanicdl ax is  of t he  d i s h .  
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2. A bores ight  te lescope  axis p a r a l l e l  t o  t he  nachanical  

axis . 
3 .  The pos i t i on ing  end center ing of t h e  ctenter of cum&- 

t u r e  of t h e  hpporboloid Cassegrain mirror with r e spec t  

t o  t h e  mechanical ax is .  

C. SYSTEM TO INITIALLY ALIGN AND WERENCE TO THE MECHANICAL 
S, SEI APE OF 'l'm F&B U L O m  iL D B H  

This  I s  shopin i n  Fig,  (1). 

1. It w i l l  c o n s i s t  of an a r r a y  of col l imated l i g h t  sources 

and 4 C  un i t s .  The instrument w l l l  be mounted on a 

s p e c i a l l y  aonstruated platform which w i l l  be allgrad 

w i t h  i t s  axis c o l i n e a r  t o  that o f  t he  Z - E L  axes of 

t he  tower reference.  

t i o n  t o  t he  antenna r e fe rence  m i r r o r  and t h e  &!,-EL axis .  

See Figs. (1) ( 7 ) .  

This  w i l l  be done by autocollima- 

The u n i t  vi11 index t o  se l ec t ed  levels and t o  

angles  within the l i m i t s  estublished by Fig. 3 and 

Fig. 121. 

The f i x e d  envelope of  t h e  d i s h  w i l l  b e  s i ; i l a r  

t o  t h e  conf igura t ion  of Fig. ( 4 ) .  The i n i t i a l  pa rabo l i c  

shape will be es tab l i shed  i n  accordance w i t h  the rnath- 

ematlcal  model  of t h e  antenna design. Mumbers of' l i g h t  

sources and automatic a u t o c o l l i a a t i o n  u n i t s  will be 

plaoed i n  aocordance w i t h  t h e  conf igura t ion  of  t h e  

suppor t ing  s t r u c t u r e  members. 

s t a t i s t i c a l  a,?alysis. The rmi 0.25 inches has been 

stated elsewhere as t h e  s tandard 6 dev ia t ion .  

Dis t r ibu t ion  ai11 be b y  
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2. 

Reading of the  indexing michins v ; i l l  be by ACC 

( A u t o m a t i c - ~ ~ u t o c o l l i a a t i o n )  provide a 2 ropor t  i o n a l  

s i g n a l  t o  be  compared with a 'go '  o r  'no go* indication. 

~ n y  m e a  of the dish r e q u i r i n g  conf iEura t ion  c o r r e c t i o n  

oan then b e  re-read menual ly  t o  p r o v i d e  adjustment  

d i r e c t i o n .  

The AAC system i s  shown I n  Fig. ( 5 ) .  

It is emphasized t h a t  RE equiva len t  n w b e r  of  l i p h t  

sources  and a u t o x e t i e  eu toco l l ima ta r s  w i l l  be i n  t h e  d i s h  

and i n  t i e  indexing l i F h t  source ffiuchine. 

The second reading  t o  determine t h e  l o c a t i o n  o f  t h e  

re forenoe  p u i n t  w i t h  rssFect t o  t he  mechenical axis w i l l  

come f rox  t h e  l i g h t  sou rces  mounted Gt, t h e  s u r f s c e  t o  

t h e  i n ~ e x i n g - a u t o c o l l i ~ a t o r  u n i t .  

I n  both  c a s e s ,  phys i ca l  r eadou t  o f  t h e  o b j e c t i v e  

t a r g e t  on t h e  U C  can read t o  0,001 inch. 

The se t -up  from t h i s  unit ;i~i11 in t u r n  provide the 

r e fe rence  i n s t a l l a t i o n  f o r  t h e  next  s t e p  of  the 

requirements .  

A b o r e s i g h t  t e l e scope  axis. 

The boresight telescope 'xi11 b e  an as t ronomica l  

telescops. It will be p u n t e d  on an a d j u s t a b l e  base 

c o n t r o l l e d  from t h e  rerorence n i r r o r  of t h e  mechaiic:31 

e x i s  o f  t h e  d i s h .  

4' 

This rcfemr-nn A L L A u e  s e t t l n z  t o  t h e  m x h a n i c a l  a x i s  w i l l  

i n i t i a l l y  b e  nade b y  tiutcca115.1-iutian. See Fig. (6). 

It will be au tomat i ca l ly  adj i ,s ted and capable  o f  being 

manually locked i n  s e t  p o s i t i o n .  
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3 .  

A t e l e v i s i o n  c a n e r a  mounted o n t o  the  d o u b l e  v i m  

t e l e s c o p e  w i l l  p r o v i d e  reraoteviev~ing as needed,  Viewing 

of t h e  t e l e s c o p e  cen be dons manua l ly  from the  t e l e s c o p e  

C G g 8 .  

The i n i t i a l  p o s i t f o n i n c  and c e n t e r i n g  of t h e  c e n t e r  o f  

c u r v a t u r e  of t h e  h y p e r b o l i c  r e f l e c t o r .  

h smal l  l i e h t  s o u r c e  on bn x d j \ i s t 8 b l e  mount w i l l  be  

p l aced  o n t o  t h e  b o r e s i g h t  p l a t fo rm.  This  vi11 p r o j e c t  

c o l l i m a t e d  l i g h t  i n t o  c n  A+IC mounted p e r n a n e n t l y  on a 

b r a c k e t  on t h e  Cessecrain, The l i g h t  s o u r c e  o r i e n t a t i o n  

w i l l  be moni tored  by the Mechan ica l  axis r e f e r e n c e  

s e n s i n g  u n i t  (Fig.  ( 6 ) )  whioh w i l l  a l s o  o r i e n t  the  

b o r e s i g h t  axis . 
T h i s  w i l l  i n s u r e  p a r a l l e l i s n  of t h e s e  axes. The 

AAO mounted on the  C a s s e g r a i n  xii l l  p r o v i d e  a p r o p o r t i o n a l  

s i g n a l  t o  a recorder t o  i n d i c a t e  e x t e n t  of m f s d l i g m e n t  

p r e s e n t  which i n  t u r n  will send a d i s p l a y  s i g n a l  t o  be 

compared for c o r r e c t i o n a l  tis8 as  needed. See Pig. (7 ) .  

I n i t i a l  i n f o m a t i o n  i n d i c a t e s  t ha t  a c c u r a t e  i n i t i a l  

placement  of' t h e  hyperbola can  be d e f i n e d  t o  p r o v i d e  

minimum adjustment  . L i m i t s  of p r n i s s i b l e  error are 

d e f i n e d  ir, t h e  section D i s c u s s i o n  of sys tems and n o t e s . '  

The spsten d e f i n e d  i n  Fig, ( 7 )  w i l l  2 r o v i a e  p a r a l l e l -  

ism of axes of t h e  C a s s o g a f n  t o  t h e  neohunical  axis. 

L u t e r i a l  ad jus tmen t  v ~ i l l  be  d e f i n e d  3y Y t a l e soope  t o  

orhioh the c o l l i n a t e d  l i g h t  source f o r  t h e  C a s s e g r a i n  i s  

i n t e g r a l l y  m u n t e d .  This s m e  sy3tem w i l l  be  p e r n a n e n t l y  

1 n s  t 8 11 e d f o r  m n  i t o r i n g  . 
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4. The moni tor ing  of t h e  norabol ic  surface 

Tho nethod o f  r?cni tor ing t h e  pa rabo l i c  s u r f a c e  i s  

feasible 1 3 t h  :he e(-uipincr,ts ; \ rc : sen t ly  a-J . i ; , i b l e  o r  

w a d i  ly dcvelo--od.  

3'or s y s t e m  c-nsidered see 'Disucsslon cf Cons idered  

S y s t e m ' .  It can be 'on  j;rlc;ce counted' o r  a t t a c h e d  t o  

the n o n - r e f l e c t i n ;  s ide  Df t h e  d i s h .  Both s y s t e m  are 

explained, 

I n  Fig, ( 8 )  t h e  system f o r  'on s u r f a c e '  a o n i i o r i n g  

i s  shown. 

This system c o h s i s t s  of a s p e c i z l  a r r ay  o f  l i g h t  

sources ( c o l l i m a t e d  l i g h t )  d i r e c t e d  a t  dLC u n i t s  

mounted j u s t  a t  t h e  sur face .  The l i g h t  p r o j e c t s  i n t o  

t h e  MC*s which are a t  p r e c i s e  p o s i t i o n s  s e l e c t e d  and 

s o t  a t  t h e  t h e  of e s t a b l i s h i n g  t h e  or ig ina l .  p a r a b o l i c  

shape. See Figs. (l), (2), ( 3 )  and ( k ) .  

Upon ac tua t ion  of  c o n t r o l  u n i t s  the  l i g h t  source  

p r o j e c t s  a c o l l h a t e d  beam i n t o  t h e  co l l i i r J l to r  which 

impinges upon a o e n t r a l  prism. The s p l i t  beax is 

t h e n  d i r e c t e d  upon s e n s i t i v e  l i g h t  c e l l s .  

i n  du r ren t  i n t e n s i t i e s  a r e  c o a p o e a  i n  an a m p l i f i e r  and 

t r a n s m i t t e d  t o  a n  i n d i c a t o r  f o r  d i sp l t i y .  Conpurlson of 

Any d i f f e r e n c e  

the r ead ings  6;iven irire m e r l u y e d  on t h e  b a s i c  pu ra 'bo l i c  

d i s h  shape FAemarked on a d i s p l a y  panel. L i d t s  are 

des igna ted  m d  d a t e  read f o r  c o r r e c t i o i i a l  Use, 

The ancillary s c o o s  mounted t o  t h e  b o r e s i g h t  t o l e -  

scope pl t i t forn  a r e  o r i e n t e d  t o  t h e  boresia ,ht  a x i s  i n  

the saJe mwiner t is t h e  Casse,qrbin l i g h t  source.  

(6). 

See Fig .  

These u n i t s  f i x e d  t o  t r i s  axis referer loe look 
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throuqh d i s c r e t a l y  aouated p e n t a p r i s m  onto  a d i s p l a c e -  

ment t a r g e t  mounted and p r e s e t  a t  t h e  t i m e  of t h e  AAC 

al ignment .  Any radial displacement from t h e  r e f e r e n c e  

mechanical a x i s  and boresight axis is  r e a d ,  manually,  

d i r e a t l p .  

These two readings, (1) the s i g n a l  (angular e r r o r )  

t r a n s l a t e d  t o  a displacement p a r a l l e l  t o  t he  mechanical  

axis  and bores ight  axes, ( 2 )  and t h e  r ad ia l  displaoement 

from t h i s  meohmica1 ax is ,  w i l l  t i e n  be  t a b u l a t e d  (See 

Fig. 9)  e l i m i n a t i n g  e s t i n a t i n g  non- l inear  e r r o r ,  

It i s  intended t o  p r o v i d e  a t r i a n g u l a r  mounting 

sub-surface t o  t h e  r e f l e c t o r  t o  p o v i d e  maximum a r e a  

average coverage of  dev ia t ions .  The t r i p e d  mounting 

l o c a t i o n s  t o  b e  der ived  from t he  geonetry of  the 

suppor t ing  s t r u o t u r e  f o r  imximum e f f i c i e n t  area 

r e y r e s e n t a t i o n .  

5. 'Off surface' monitor ing system. 

Thesysten f o r  'off  su r face '  monitor ing is as shown i n  

Fig. (10). 

This system ~ € 1 1  provide e s s e n t i a l l y  t he  same data 

as the  'on su r face  system'. D i f f i o u l t i e s  are p r e s e n t  i n  

t h a t  final s t r u c t u r e  c a l c u l a t i o n  must provide  movement 

limits t o  determine s i z e s  of o p t i c  o b j e c t i v e  l e n s e s  

needed. Equipments will be t h o  same i n  e i t h e r  'on 

su r face1  o r  ' o f f  su r f ace '  mountings.  

The advantages he re  a re  i n  reinovinG t h e  problems of 

beam d e v i a t i o n  due t o  e i r  d e n s i t y  o r  temperature  v a r i a t i o n s .  

However, bean d e v i a t i o n  o v e r  100 f t .  based upon a refrao-  

t f o o  nuc?ber o f  1 f e  2; 10-6 i n d i c a t e s  an e r ror  o f  o n l y  2 

a r c  s e c o n d s  o v e r  t h e  naxinum monLtzriLny ci i s thnces .  
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/ 6 ,  8umnmry. 

The methods desoribed are based upon existing, 

equipments, No major diffioulties in providing the 

coordinated check8 deaarlbed are expeated) w i t h  

equipments now available. Errors  expeoted are tabu- 

l a t  ed below. 

Autooollimators 3 seo. a m .  

Pentaprisms 2 sec. ard. 

Target readings 1 seo. a m ,  

Collimator angular readings 15 sec. aro,  

21 sec. aro. 

The ability to establish 

and maintain ooordinated axes 

alignmgnt with the mauhanlcal 

suti8 20 8ec. am. 

Maximum e r ro r  in data amplifi- 

sation t o  aontrols .  5% of 

total rangee of 250 9 8 0 .  am. 13 sec. a r o .  

Non-linear dfstanoe variatlons 25. sea. am, 

38 seo. a r c .  

The r m s  e r ror  

202 + 382 27.3 sea. are. 
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DISCUSSION OF CONSIDBRED SYS= 

DISCUSSION OF PAFUBOLOID MONITORING SYSTXM REQUIREBlENTS 

I n  oonfornance w i t h  p r i o r  e v a l u a t i o n s  i n  westinghouse 

s t u d y  proposal, t h e  o b j e a t i v e s  o f  t h e  s t u d y  e f f o r t  were 

s t a t e d  t o  be: 

1, Reduotion of excessive antenna noise .  

2, Increased  antenna gain. 

3 .  Increased p o i n t i n g  acauracy. 

4. Maximum s y s t e m  r e l i a b i l i t y .  

Each of t h e  above f o u r  i t e m  contain sigma (f i n  the 

formula. T h i s  is a standard d e v i a t i o n  of the  s u r f a c e  from 

t h e  true paraboloid. In a d d i t i o n  d 'may be u s u a l l y  con- 

sidered some c o n s t a n t  f r a c t i o n  of the diameter of t h e  d i s h  

By main ta in ing  a t r u e  surface with 1/16 wave l e n g t h  

a t  2290 Mc a l i m i P I  i s  e s t a b l i s h e d .  This  Unit can be used 

t o  p o i n t  t h e  d i r e c t i o n  of e f f o r t  f o r  a s u r f a c e  sens ing  system. 

S Y S W  LIMITS 

To sense a p a r a b o l o i d a l  su r f ace  

f requency  of 2290 Mc: 

00 meters x 39.37 i nches  
6(22?0) 1 netre  

For pre l imina ry  d i scuss ion  and 

with 1/16x a t  a 

- .378" Surface d e v i a t i o n  - froill t r u e  parabo- 
l o i d a l  shape. 

system de te rmina t ion  

the f i g u r e  of r m s  .250w has been arbitrarily s e l e c t e d ,  

A parabolo id  diameter of D Zl+OftJ .s  def ined  by the 

dimensions as shown i n  Figs ,  (1) and (21 ,  
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Consideration was given t o  reading of s u r f a c e  angular  

p o s i t i o n s  from t h e  t h e o r e t i o a l  c e n t e r  of the Cassegrain 

i n t e r s e c t e d  by the  p r i n c i p a l  a x i s  of t he  d i s h  and from t h e  

ver tex.  

Se leo t ion  of a p o i n t  a t  60 f t .  from t h e  Cassegrain 

show the  movement zadially fron suah a l i n e  of sight of 

1/4 inch would be approximately 1 minute of arc.  

this angle the sys t em bbtween the Cassegrain and the surface 

point  would need t o  be read t o  an accuraoy o f i  6 sec. of arc .  

To read 

To read a seeDnd reference which wouldderive displace-  

ment from t h e  t h e o r e t i c a l  paraboloid,  t h e  follovding i n d i c a t e s  

the instrument range and accuracy required, 

Suppose that an  o p t i c a l  instrument were placed  on the  

v e r t e x  of' the  paraboloid,  and sighted from t h e r e  t o  various 

points  on the, paraboloid surface.  h displacement o f  one of 

t h e s e  po in t s  on t h e  surface by 1/4 inch p a r a l l e l  t o  the 

axis, requires the instrument t o  be t i l t e d  b y  a small angb, 

which i s  a func t ion  of t h e  r a d i a l  dis tunoe from :he axis bo 

t h a t  point .  This i s  given i n  t h e  following table. 

Radius t o  
Point on Surface  

Inches I Angle of Tilt, 
Min. of Arc. 

3 . 6  
l e 8  
1.17 
0.69 

the 

f i r t h e m o r e ,  t h e  range of tilt required is  shown i n  

fol lowing t ab le .  See Fig .  (2) and ( 3 ) .  
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Radius t o  
Poin t  on Surface 

Inches 

Direo t ion  From 
a Vertex t o  Point  on 

Surface 

2 88 
576 
720 
1296 

50 40' 
110 20' 
14.O 
240 10' 

Thla would lnd ioa te  that s i n g l e  source, see Fig1 ( 3 ) ,  

s i g h t i n g  along a s i n g l e  p a t h  must  ope ra t e  through the range 

of Oo t o  25' and be able t o  road t o  a n  aoouraoy b e t t e r  than 

30 sec. of a r c ,  

SYS- CONSIDERED 

I n  cons idera t ion  of var ious  type systems, t h e  fo l lowing  

two systems have been considered, on ly  i n  p r inc ipe l ,  

1, An energy system suggested by Dr. Swamp of StanBord, 

"IRE Transaotions Jan. 61  Phase adjustment o f  Large 

Antennas." This  oons i s t s  of p lac ing  modulated gas d isoharge  

t u b e s ,  a c t i n g  as s c a t t e r e r s ,  a t  var ious pp in t s  on t h e  para- 

b u i u ~ ~ a 1  surface an4 tn m o n i t o r  t h e  phase p a t h  from a s i g n a l  

genera tor  through the feed a t  t h e  f o i u s  t o  each discharge tube 

I n  t u r n  and baak, 

d ipo le  s i t u a t e d  a t  t h e  ver tex  of t he  paraboloid it i s  p o s s i b l e  

t o  t r i a n g u l a t e  on def lec t ions .  

r e f l e c t e d  wave produoed b y  the discharge tube i s  d e t e r d n e d  

by adding 

apply ing  t h e  r e s u l t a n t  to  a r eoe ive r  s e i i s i t i ve  t o  +,he 

modulating Prequenoy. 

are in quadrature. 

measurement of t h e  phaee of t h e  modulated r e f l e c t i o n  even 

when its amplitude i s  below -130 d h .  

* a  

By m a n s  of' a second probe, possibly a 

The phase of t h e  modulated 

I t  t o  a referenoe C-W wave of large amplitude and 

A null i s  obtained when t he  two waves 

The coherent a t e c t i o n  system allows 

The systeln has been 
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demonstrated u s i n g  a 10 mw S band s i g n a l  gene ra to r ,  and no 

d i f f i c u l t y  was found in d e t e c t i n g  t h e  r e f l e c t i o n  from a 

small  discharge tube plaoed 100 f t .  away from a 3 x 4 inoh 

horn. This  indiuates  use as a su r face  oonf igura t ion  sensor 

f o r  large paraboloids. Vestinghouse, Baltimore P l a n t ,  i s  

now i n v e s t i g a t i n g  a p p l i c a b i l i t y  of  t h i s  system, which i s  

oonsidered not f i l l y  developed. 

2. Dual Frenquency Beam 

A system ipls been suggested by Davldson Manufacturing Go. 

This  system suggests  u s e  of' R dual  f r w u e n c y  beam wi th  the 

i n t e r f a c e  of t h e  d u a l  frequency bean seen as ti line between 

the  two phases of l i g h t  a s  viewed through t h e  eyepiece. 

This  r e q u i r e s  a dual p a r a l l e l  beam t o  be d i r e c t e d  i n t o  

a oo l l ima to r  w i t h  t h e  incidence o r  lack of inoidence o f  t h e  

interface i n d i c a t i n g  exact a x i a l  ooindidence. Angular 

dev ia t ion  is ind ica ted  by one or t h e  o the r  of t h e  two out  

of phase f requenoies  being sensed i n s t e a d  of the n u l l  

i n t e r f a c e .  The f i e l d  of view o f  t h i s  systen has not y e t  

been defined. Exaot knowladge of t h e  requirement f o r  a 

p a r a l l e l  source o r  the width of angular  divergence t o  whkuh 

the nulls may *le al igned fs not  yet  defined. Accuracy t o  

which t h i s  may be ~lad'harr been stated a s  t o  be as low as 

0.1" of a rc .  Thfs s e n s i t i v i t y  needs be oheckcd against 

system v i b r a t i o n  anpl i tude  and may be t o o  great but i f  t h e  

u n i t  oan perform r e l i a b l y  it v l l l  b e  further pursued a s  

poss ib ly  one leg of a two angle oheaking system t o  loaa te  

movement w i t h i n  t h e  standard o r  maxiffium u a r i a t f o n  f r o m  the 

true p a r a b o l a  



3 .  A system of using e modulated l igh t  beam. 

Monitoring the) pa rabo lo ida l  f i x e d  envelope by modulated l i g h t  

bean. Y'hia plan considers t h e  f e a s i b i l i t y  o r  distance 

neasurement from y. position near  t h e  focus  t o  a m i r r o r  

l oaa tbd  i n  t h e  r e f l e c t o r  sur face .  

beam t h a t  is pulsed o r  modulated a t  R frequency t h a t  can be 

httndled with r o u t i n e  e l e c t r o n i c  teohniques.  'the dl-stance 

ox+ $ i f f ' e r e n t i a l  measurement i n v o l v e s  t h e  equ iva len t  of a 

*This employes a l i g h t  

phase s h i f t  dePormation. Bquipments of t h e s e  types  a r e  

c o m e r c i a l l y  a v a i l a b l e  - knbw t i s  oeodonetors.  

these  are  suoues fu l ly  used f o r  yapping from long  range, 

However, w h i l e  

t h e  acouracg ob ta inab le  f o r  t h e  dimensions involved i n  

measurement of the parabola  of t h e  antenna of s t anda rd  equip- 

ments is 'no€ w i t h i n  t h e ,  required l i m i t  of? 0.25". 
- 

4. EquipmentPr 

ltema mentioned are  k A C  - Automatic AutO-ColliffiatOrS. These 

are  p r e s e n t l y  avai lable  and sizes of a p e r t u r e  ( o b j e c t i v e  

l enses)  can be as  needed t o  assure t h a t  t h e  l i g h t  source  

w i l l  be able  t o  pi& up - regardless of windload, deformat ion ,  

temperature expansion, g r a v i t y ,  e t c ,  

i n  t h e  Items mentioned as t e l e s c o p e s  for a l i g n i n g  t h e  

p r i n c i p l e  ares  of t h e  systems - i n  sone oases t h e o d o l i t e  

a d a p t a t i o n s  w i l l  provide t h e  s t a b i l i t y  and acauracy d e s i r e d .  

O p t i c a l l y ,  the use  of a u t o - r e f l e o t i o n  o r  a u t o - c o l l i n a t i o a ,  

1s no t  cons idered  since the  p re sen t  s t a t e  o f  t h e  a r t  r u l e s  

o u t  usages past 40-60 f e e t .  

t h a t  u s ing  a sepamte  a l igned  l i g h t  source  direct i n t o  the 

However, assurance i s  expressed 
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collimetor no distance problems are involved for t h i s  

i n s t a l h t l o n ,  

5 .  Ffyperbolcid rositional Tolerances - These d a t u  can b e  

es tabl l shed to p r o v i d e  ti table  of limits of pcsit lcinli l  

nonltoring tolerances. 

A. Wfect of T i l t  

It will be assumed th roughout  that the hyperboloid is 

small enough so t h a t  one need oonsider only  t h e  

r e f l e c t i o n s  near the mirror v e r t e x ,  TI. A g e a n e t r i o s l  

opt ics  approaoh i s  used. 

The hyperbolic are in the  oor rec t  position (con- 

tinubus line), and tflted by an tingle o( (broken line), 

I s  shown i n  Pig. 1,; Ifhe reflector is shown t i l t e d  

about its ver t ex  V, 

Fig. 1 Effeot of 'tilt 

Yhe feed horn a p e r t u r e  I s  lacated at H, and e v i r t u a l  

image I s  forned a t  P, the focus of the parabolo id .  

and H are  conjugate f o c i  of the hyperboloid. 

mirror  I s  t i l t e d ,  the image o f H  in the n i r r o r  moves 

F 

when the 

4 
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iron 8 t o  it .  The small displacement rPi is given b y  

m' = z c o c  
Note that a clookwise r o t a t i o n  has alsyleoea P 

downw&rde. Example: ff the leranoe on be- direo-  

tion is 6.02 degrees, and if one quarter of this is 

allowed tor tilt error, 0.005 degrees, then with a 

fooal length of 60 feet, F oan be displaaed 0,063 inch 

and the maximum permissible ti lt& is then 0.063 in/2c. 

If c i a  3 feet, f o r  instance, t h i s  is 0.05 degrees; if 

o is 6 feet, it is  0,025 degrees, 

T 

b I 

Fig,  2. Effect of diaplaaement gerpendioular t o  axis,  
a 

L e t  M I magnification 

= h/c 

It oan be seen from Fig .  2, that f o r  a mirror  displaoe- 

meat A ,  the isage moves f rom F to F', where 

e + I  
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Where e =  ( M a s . 1 )  / (Y - 1) is the ecoentrfcity. 

Note that  the virtual image m v e ~  in the same direc- 

tion as the m i r r o r .  

Example: If the tolerance on beam direction is 

0.02 degrees, and if  we allow one qutlrter for the tilt 

error., viz .  0,005 degree8, then with B focal length of 
! 

60 feet, F can be dlaplaosd by 0,063 inch, and the  

hyperboloid by s l i g h t l y  more than t h i s ,  depanding on 

n the maguirioation M. If, f o r  instance, M = 9 ,  then 

t h e  mirror may be dlsglscred by 0.071 Inch to produo@ 

a beam pointing er ror  of 0,005 degrees. 

0 .  self-compensation 

f ’ If we aan arrange t h e  hyperboloid supljart in suoh a way 

that (in terms of Flga. 1 and 2) an upward di8plaoe- 

ment always goes with  a cloakwise rotation.,  then the 

two diaplauements of F are in opposite direotlons and 

them completely, leaving F undisturbed (to the first 

order)? That t h i s  is indeed poasfble  can be shown 8s 

follows. We require: 

Referring now toy@ 3 ,  it i s  men that if the center 

of rotation i W a t  C d  
’ 1  

Fig ,  3 .. self-cornpensat ion 



I 
I 
I 
I 
I 

I 
I 

I 
! 
I 
I 
I 

d (feet) 

c-1-26 

9.9 

2c A -  * *  p s - -  
I -  I 
- ’ P+ a distanoe p behind V, then A % 

I 

oc: 
if  the v ir tual  h a g 8  at P is t o  stay there undisturbed 

c ( feet)  

h (feet) 

It 0 

2.25 

22.15 

a l s o  

P ( feet )  
M 

e 

curvature of the hyperboloid a t  the vertex, V, Thus 

the oentdr or rotat ion$f  the meohanfoal supporting 

stmo+ure should ba glaoed at the oenter of ourvature, 

of  the hyperboloid taken a t  the vertex. 
- 

- 

When 3;, >> c ,  
then p zz 2c 

Examples If the focal length of the paraboloid 1s 

60 feet, then referring t o  eases 1, 2,  3 ,  on JPL sketoh 

sheet 2-10-4004, dated 1-13-61 and referring to the 

Westinghouse proposal as Case 4, we obtain: 

5.0 

9.8 

1.23 

Table 1. 

2 

32.6 

13.3 

3.0 

29.6 

607 

9.9 
1.23 

3 

35.6 

17.2 

3.8 

31.8 

8.6 

1.27 

4 

45 
21, 

5.2 

39.8 

12.0 

7.7 
1.30 

It Is seen that p 1s always a l i g h t l y  more thag 

Thus i f  oase 2 twioe o, being about 2-1/4 times e. 
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I 

a '"'*, C-E27 

were seleoted, the hyperboloid supports should be arranged 

t o  'hinge' about a f ixed p o i n t  on the fooal a r i a ,  at 

a distanoe p ~6.7 feet  behind t h e  hyperboloid vertex. 

Small rotat ions about t h i s  point shoulcl result in only 

seoond-order beam pointing errors. 
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t 
11. REFLECTOR DESIGN 

The genera l  arrangement of  the e l e v a t i n g  s t r u c t u r e  

i s  shown on arrangement Dwg, L-4794 and i n  the photo- 

graphs of the model i n  Sect ion 111. Details of the 

s t r u c t u r a l  members are now shown, only the  envelopes 

of the  s t r u c t u r a l  parts are depicted.  

A. REQUIREMENTS 

The def l e e t i o n  requirements of the antenna 

sur face  are such t h a t  the dev ia t ion  of the sur face  

from the  paraboloid a t  any angle of e l e v a t i o n  shall  

no t  be more than .25 inches  m e ,  It i s  aleo 

desirable t o  have the least  d e v i a t i o n  i n  t h e  

middle po r t ions  of the su r face  s ince  the i l lumina-  

L )&Ion i s  greater i n  t h i s  area. 

The t o r s i o n a l  s t i f f n e s s  requirements (rota- 

t i o n  of one trunnion g i rder  r e l a t i v e  t o  the o t h e r )  

i s  1.0 x l o lo  l b / f t . h A D .  

based on the second mode of t o r s i o n a l  v i b r a t i o n  

about the t runnion axis with the e l e v a t i o n  gear 

locked. S t C t i o a l l y  determinate  a n a l y s i s  i n d i c a t e s  

the s t r u c t u r e  i s  50$ above thbs ,  

T h i s  requirement is 

A t h i r d  requirement of the e l e v a t i n g  s t r u o t u r e  

I s  ease of e rec t ion .  A minimum amount of false 

work should be requi red  t o  support  the s t r u c t u r e  
du r ing  e rec t ion .  

A f o u r t h  snd most important requirement i s  

that weight be kept t o  a minimum, Due t o  t he  large 
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f o c a l  length  t o  diameter r a t i o  the penal ty  of 

excess s t r u c t u r e  weight is two-fold s ince  increased  

counter  weighting is required t o  balance s t r u c t u r e  

weight 

ELEVATION STRUCTURE 

I n i t t a l  design s t u d i e s  of the e l e v a t i n g  s t r u c -  

t u r e  ind ica t ed  t h a t  a ring-radial girder type de- 

s ign  would be advantageous, With the  advent of 

t he  Ground re ference  tower, the a v a i l a b l e  depth 

of the r i n g  and the  radial girders  was decreased; 

t h i s  reduct ion  i n  depth then requi red  a st ructural  

weight which was g r e a t e r  than the  box s t r u c t u r e .  

An early design concept of the box s t r u c t u r e  

u t i l i z e d  a double primary girder design - here 

again due t o  space l i m i t a t i o n s  the depth of the 

two t runnion  girders on each s ide  was unequal. 

This  unequal depth of g i r d e r a  introduced variable 

d e f l e c t i o n s  on the antenna surface w i t h  r e spec t  t o  

elevation angle, The single girder s p l i t  tower 

was conceived which e l imina ted  t h i s  problem and 

reduced the w e i g h t  of the e l e v a t i n g  s t r u c t u r e ,  

The presen t  design has a square primary girder 

system and 8 series of' secondary g i r d e r s  whloh 

car ry  the  load t o  the primary system. The t runnion 

shaft i s  loca ted  a t  the  midspan of t h e  t runnion 

g i r d e r s ,  This shaft I s  supported by two hydro- 

s t a t i c  pad bearhg8. The t h r u s t  loads  are c a r r i e d  

from the chords of the secondary structure t o  the  

t runnion shaft by compression and tens ion  membela. 
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The design c r i t e r i a  of these members must be based 

on the combined spring conatant  of the  azimuth 

s t r u c t u r e  and the elevating s t r u c t u r e .  The pre- 

sen t  a n a l y s i s  of r e f l e c t o r  sur face  d e f l e c t i o n s  I s  

confined t o  two angles of e l e v a t i o n  - 0' and goo 

and i s  f u r t h e r  l imi t ed  t o  dead weight loads only. 

Preliminary a n a l y s i s  aseuhing s t a t i c a l l y  determinate  

systems InUicate the m a x i m u m  d e f l e c t i o n  of the 

primary g i r d e r s  t o  be .27O inch. On the basis 

of t h e  s t a t i c a l l y  determinate analysis the primary 

and secondary girders were sized and a mafirlx 

a n a l y s i s  of half of the antenna s t r u c t u r e  is i n  

progress. . The matrix a n a l y s i s  p re sen t ly  being 

used i s  a 25 x 25 matrix of the secondary system 

and is based on beam theory rather than s t r u c t u r a l  

theory.  The d e f l e c t i o n s  obtained from beam theory 

are asaumed t o  be 2/3 the  de f l ec t fona  which would 

be obtained using truss theory.  T h i s  analysis i s  

befng made w i t h  the antenna a t  the  90' p o s i t i o n  

w i t h  only dead loads appl ied .  The present  matrix 

a n a l y s i s  is considered t o  y i e l d  only q u a l i t a t i v e  

results with respect t o  t he  deflection and load 

d i s t r i b u t i o n  of the secondary and primary system. 

It i s  expected t h a t  t he  r e s u l t s  of t h i s  a n a l y s i s  

will l ead  to a final t r u s s  design. 

The final matrix a n a l y s i s  will c o n s i s t  of a 

36 x 36 matr ix  which will consider  both the primary 

and secondary s t r u c t u r e .  The completion of t h i s  
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analysis should give  r e a l i s t i c  values of the 

d e f l e c t i o n s  of t he  e l eva t ing  s t r u c t u r e .  

Preliminary work done wi th  the  antenna a t  t h e  

0' p o s i t i o n  ind ica t e8  that the d e f l e c t i o n s  w i l l  

be much lesa than at the 90' poal t lon .  T h i s  

a n a l y s i s  w i l l  not  be f u l l y  considered u n t i l  the  

25 x 25 matr ix  so lu t ion  i s  completed. 

C gASSEGRAIN SUPPORT 

The design of t h e  Caasegrain support is dictated 

. primarily, by t h e  allowable d e f l e c t i o n s  of the  

sub r e f l e c t o r ,  €3-P cons ide ra t ions  of the support  

and resonant frequency requirements of t h e  

Caesegrain supports.  Op t i ca l  a n a l y s i s  of t h e  sub- 

r e f l e c t o r  show t ha t  t h e  error in poin t ing  can be 

. help t o  a min3mum if the error due,to angylar'. I 

r o t a t i b n  i s  counter-acted by the e r r o r  due t o  

lateral displacement. Thus the support system 

should be designed so tha t  there is an equiva len t  

f ixed poin t  of r o t a t i o n  for the  sub- ref lec tor .  

Oqt ica l  analysis shows t h i s  po in t  t o  be behind 

the  sub-reflector a t  a d i s t ance  of approximately 

2-1/4 times the depth of t h e  sub r e f l e c t o r .  

Present  design s t u d i e s  arc based on two con- 

f i g u r a t i o n s  a quadruped w i t h  s t ra ight  legs and 

a crossed parabolic arch. 

A t  this time no d e f i n i t e  conclusions have 

been reached as t o  which conf igura t ion  would be 

most s a t i s f a c t o r y .  NaJor problem i n  t h i s  area, 
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p resen t ly ,  is the l a t e r a l  resonant  frequency of 

t h e  supports ,  

ANTSNNA SURFACE 

The design concept of the  antenna surface 

must  consider  weight, wind, thermal d e f l e c t i o n s ,  

minimum weight and ease of f a b r i c a t i o n .  Two basic 

concepts are being inves t iga ted .  The first i s  t o  

r e s t r a i n  eauh panel a t  i t s  boundaries and allow 

thermal expansion t o  take place as buckl ing with-  

I n  the  panels .  The second concept i s  t o  allow 

free thermal expansion of the  pane ls  and u t i l i z e  

expansion j o i n t s  a t  the boundaries. I n  e i t h e r  

concept bo th  m i l d  s teel  and aluminum i s  being 

considered. 

been allowed f o r  t h e  surface b u t  It p resen t ly  

appear8 tha t  the second ooncept of allowing free 

expansion with expansion j o i n t s  a t  t h e  boundaries 

w i l l  be well  below t h i s  f i gu re .  

4. 

An assigned weight of 15 W f t o 2  has 

A hea t  r e f l e c t i v e ,  p r o t e c t i v e  p a i n t  w i l l  be 

necessary t o  l i m i t  temperature d i f f e r e n t i a l s  and 

t o  provide corrosion pro tec t ion .  Two p a i n t  

systems have been se l ec t ed  and eva lua t ion  s t u d i e s  

are presently being made. 

The p a i n t  systems have the same prepara t ion ,  

i . e . ,  a sandblast, wash primer and zinc chromate 

i n  alkyd vehic le  primer. 

The f i n i s h  coat  di f fe rs  i n  t h a t  one system 

uses a t i t an ium dioxide l a t e x  xa te r  base. The 
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second system would use a titanium d i o x i d e  alkyd 

paint. Evaluation s tudies  are presently b e i n g  

made on the two systems, prel3mlneny work I n d i c a t e s  

that the water base paint is preferable since I t  

is f l a t t e r ,  would not become as b r i t t l e  w i t h  time 

and will not d i sco lo r  as much wi th  time. 



111. SUPPORT STRUCTURE 

Point ing accuracy requirements of the  antenna d i c t a t e  

a support  s t r u c t u r e  designed prlmarl-ly f o r  s t i f f n e s s  and 

smooth r o t a t i o n  about i t s  axes. Vibratory o h a r a c t e r i s t i c s  

of the s t r u c t u r e  and i t s  components m u s t  be such that no 

r e ~ o n a n c e ~  can occur which w i l l  Impair t h e  accuracy of the 

antenna. The c r i t e r i a  established 18 that  a l l  modes of 

v i b r a t i o n  shall be 3 cps o r  above. 

The genera l  arrangement of  t he  mount support  s t r u c t u r e  

i s  shown an arrangement drtawing. L-4794 and I n  the  photo- 

graphs of the  model, S t r u c t u r a l  members are not  shown i n  

de ta i l ,  rather t h e  space envelopes encompassing the  s t r u c -  

t u r a l  s tee l  t r u s s  framework are ind ica ted .  I n i t i a l  s t u d i e s  

show that  the mount s t r u c t u r e  can r e a d i l y  meet all requi re -  

menta for s t r eng th ,  s t i f f n e s a  and v i b r a t i o n a l  c h a r a c t e r i s t i c s .  

Design requirements have been eetabl lsheU and design s t u d i e s  

are c u r r e n t l y  being conducted t o  determine b e s t  configura-  

t i o n  of s t r u c t u r a l  members. 

The mount I s  e s s e n t i a l l y  an i n t e g r a l  s t r u c t u r a l  frame 

ca r ry ing  a l l  of the  weight and loads of the r o t a t i n g  parts 

t o  the  foundation, Four equal ly  spaced bear ing  p o i n t s  sup- 

port the  mount from t h e  fixed azimuth bearing, A c e n t r a l  

p i n t l e  bear ing p o s i t i o n s  the mount and c a r r i e s  any la teral  

loads on the  antenna. The e leva t ing  parts a r e  c a r r i e d  by 

t runnion  bear ings  mounted on towers on the  mount s t r u c t u r e .  
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The azimuth bear ing p o i n t s  are located In line with the 

t runnion bear ings t o  achieve m a x i m u m  s t i f f n e s s  of the 

towers .  A l s o ,  an i n t e g r a l  part of  the  mount s t ructure  is 

a windshield which completely encircles the  ground refer- 

ence tower, and supports  t h e  R-F equipment room, Mounted 

on and rotating with t h e  mount s t r u c t u r e  a r e  azimuth and 

e l e v a t i o n ' d r i v e  u n i t s  and the  bear ing l u b r i c a t i o n  systems. 

A .  LOADS AND MOPlENTS 

The loads and moments a c t i n g  on t he  s t r u c t u r e  

r e s u l t  from s t a t i c  weights, a c c e l e r a t i o n  fo rces ,  

and wind pressure forces .  F ig .  1 summarizes the 

ca l cu la t ed  v a l u e s  of the weight loads,  antenna 

i n e r t i a s ,  and moments due t o  acceleration. Wind 

loads  are given i n  a following sec t ion .  

The magnitude and d i r e c t i o n  of the load8 act-  

ing on t h e  trunnion, p i n t l e  and azimuth bear ings  

are given on Figs.  2, 3,  and 4, 
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Wind Forces 

The wind f o r c e s  ac t ing  on the  antenna have been 

ca l cu la t ed  consider ing the geometry of t he  s t r u c t u r e  

and assumed a i r  flow c h a r a c t e r i s t i c s .  I n  add i t ion ,  

d a t a  from wind tunnel  tes ts  of a model of a similar 

antenna conducted by Massachusetts I n s t i t u t e  of 

Technology (MIT Wind Tunnel Report 993) was converted 

t o  f o r c e s  and momenta a c t i n g  on t h e  240 foot  

antenna under considerat ion.  The wind tunnel  data 

i s  used as  an o rde r  of magnitude check on the c a l -  

cu la ted  va lues  as well as g iv ing  a more complete 

q u a l i t a t i v e  p i c t u r e  of t he  v a r i a t i o n  of f o r c e s  and 

moments over the  complete range of azimuth and eleva-  

t i o n  angles .  The wind tunnel  data cannot be used 

d i r e c t l y  because the model t e s t e d  had a d i f f e r e n t  

F/d r a t i o  and d i f f e r e n t  support ing s t r u c t u r e .  It 

i s  f e l t  t h a t  t h e  maximum a i r  forces from the  wind 

tunnel  tests should n o t  d i f f e r  g r e a t l y  from those 

a c t i n g  on this antenna. The moments, however, may 

d i f f e r  considerably due t o  d i f f e r e n c e s  i n  loca t ion  

of t h e  a z l m u t h  and e l eva t ion  axes wi th  r e spec t  t o  

the d i s h  and Etructure.  

The following t a b l e  gives  the  ca l cu la t ed  va lues  

of m a x i m u m  wind fo rces  and moments a c t i n g  on the  

antenna. 

g rad ien t  varying approximately w i t h  t h e  1/”7 power 

of he ight  from t h e  spec i f i ed  v e l o c i t y  a t  50 f e e t  

e l eva t ion ,  and on a v e l o c i t y  pressure  from the  ASCE 

formula, p = .0033V2. 

The c a l c u l a t i o n s  are based on a v e l o c i t y  
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M a x i m u m  Wind Loads 

( 3 )  (2) ( 3 )  ( 4 )  

M E l e v a t  'Azimuth 
#-F't $-Ft. 

Wind ( P i t c h i n  (Yawing p50 ' 
Wind Vel. 

MPH #fit2 Force+ Moment Moment ) 

30 2.9 175 000 2.9 x lo6 2.5 x lo6 
45 6.6 395 000 6 . 8  x lo6 5.7 x lo6 
60 11.7 702 000 11.7 x lo6 10.0 x lo6 
70 16.0 960 000 16.0 x lo6 13.7 x lo6 

120 46.7 

Wind pressmedue to spec i f i ed  v e l o c i t y  a t  
50 f t .  above the ground. 

Wind force on 240 ft. diameter d i a h  with  
center  130 ft. above ground l e v e l .  

Moment with d i s h  perpendicular  t o  wind and 
26' from zenith pos i t ion .  

Moment with dish in vertical d i r e c t i o n  and 
wind a t  an angle of 6 4 O  from paraboloid axis. 

The following f o u r  curves  g ive  va lues  of drag, 

l i f t ,  side fo rce ,  and yawing moment based on t h e  

wind tunnel data. It is seen on Curve 1 t h a t  the 

maximum value of drag force a t  70 mph 855,000 pounds, 

compares well with the ca lcu la t ed  value of 

960,000 pounds given in aolumn 2 of t h e  previous 

table. The maximum yawing moment on Curve 4, 

20,000,000 f t .  lbs., is considered high for t he  240' 

antenna s ince  the model had l e s a  struoture back of 

the azimuth t o  assist in bal8nOlng the wind 
.__ - _ -  

mornsnt. The ualculated value of yawing moment at  

70 rnph is 13,700,000 f t .  lbs. 
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B. VIBRATORY CHARACTERISTICS OF MOUNT 

The p r i n c i p l e  modes of  v i b r a t i o n  of t he  antenna 

and supporting s t r u c t u r e  a re  shown on Figs .  5 and 6. 

I n  a l l  mades the resonant  frequency must  be above 3 cps. 

Tabla 1 on Fig. 5 g i v e s  a n a t u r a l  frequency i n  the 

v e r t i c a l  d i r e c t i o n  of 5.8 cps. I n  t h i s  case the mount 

c r o s s  sec t ions  are d i c t a t e d  by the t o r s i o n a l  and bend- 

ing spr ing  constant  and are more than adequate f o r  vcr-  

t i c a l  de f l ec t ion .  Table 2 shows that an average cross 

s e c t i o n  moment of i n e r t i a  of 40 x 10 6 i n e 4  i s  necessary 

t o  ob ta in  the requi red  bending sp r ing  cons tan t  conslder-  

i ng  t h e  inf luence of the mass of the mount. 

Table 3 g i v e s  a required shear cros3p1 s e c t i o n  of 

650 i n e 2  a t  an average r a d i u s  of 70 f t .  t o  exceed the 

t o r s i o n a l  spr ing  constant  corresponding t o  3 cps vibra- 

t i o n  with the base f ixed .  

I n  Table 4 t he  t o r s i o n a l  frequency consider ing the 

gear d r ive  i s  shown. I n  t h i s  case the n a t u r a l  frequency 

i s  3.5 cps. 

Tables 5, 6 and 7 on Figure 6 g ive  n a t u r a l  fre- 

quencies for t o r s i o n a l  v ib ra t ion  about the  t runnion axis 

consider ing the e l eva t ing  d r i v e  i n  three d i f f e r e n t  

condi t ions.  
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C. BEARINGS 

Hydrostat ic  pad type bear ings w i l l  be used i n  t h e  

following l o c a t i o n s  on the  mount s t r u c t u r e :  

1. Trunnion journa l  bear ings 

2. Trunnion t h r u s t  bearings 

3. P i n t l e  guide bearings 

4. Azimuth t h r u s t  bearing 

I n  a l l  cases  the hydros ta t ic  bearing o i l  f i l m s  w i l l  

p rovide  s t r u c t u r e  support  whether the antenna i s  i n  

motion o r  not.  The f r i c t i o n  c o e f f i c i e n t  f o r  t h i s  type 

of bear ing is extremely low; t he re fo re ,  there  i s  l i t t l e  

r e s i s t a n c e  t o  antenna motion, lead ing  t o  smooth t r an -  

s i t i o n  from no motion t o  motion and with speed changes. 

The hydros t a t i c  bearing has a load a d j u s t i n g  c h a r a c t e r i s -  

t i c  i n  t ha t  an increase  i n  load causes  a decrease i n  

f i l m  th ickness  which i n  tu rn  inc reaaes  the load oarry- 

ing  capac i ty  of the bearing. Thus,  the oil f i l m  th ick-  

ness a t  the bear ing pads w i l l  ad jus t  t o  c a r r y  load 

v a r i a t i o n s  r e s u l t i n g  from changes I n  antenna pos i t i on ,  

a c c e l e r a t i o n  forces, and wind fo rces .  

Although the bear ing pads w i l l  carry the loads i m -  

posed upon them, load equa l i za t ion  i s  obtained from de- 

f l e c t i o n  of t h e  supporting s t r u c t u r e .  The s t r u c t u r e  I s  

designed to have sp r ing  cone tan t s  which w i l l  satisfy 

the requirement t h a t  the lowest n a t u r a l  frequency be 

no less than 3 cps; however, these s t r u c t u r a l  spr ing  

cons t an t s  are many t i m e s  lower than  the  o i l  f i l m  s p r i n g  

cons tan ts .  The s t ruc ture  d e f l e c t i o n ,  therefore, will 
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tend t o  equa l i ze  loads on t h e  pads. 

Each of t he  two trunnion Journal  bear ings  i s  pro- 

vided wi th  f o u r  hydros ta t ic  bearing pads mounted i n  

p a i r s  a t  4 5 O  from t h e  v e r t i c a l  as shown on Fig.  7. 

double a c t i n g  t runnion t h r u s t  bearing Is loca ted  a t  each 

mount t o  c a r r y  any s ide  loads on the trunnions.  Each 

t h r u s t  bear ing c o n s i s t s  of f o u r  pads - two a c t i n g  i n  

each d i r e c t i o n .  

A 

The p i n t l e  guide bear ing shown on Fig. 8 c o n s i s t s  

of m u l t i p l e  pads equal ly  spaced around the p i n t l e  ring. 

They are designed t o  car ry  the  m a x i m u m  poss ib le  wind 

loading combined with maximum a c c e l e r a t i o n  forces .  A l l  

pads are manually adjusted t o  a l i g n  the antenna t o  the 

p i n t l e  j ou rna l  and t o  ob ta in  equal o i l  f i l m  th ickness  

under s t a t i c  condi t ions.  

The azimuth t h r u s t  bear ing which lsupports the e n t i r e  

r o t a t i n g  s t r u c t u r e  c o n s i s t s  of four p a i r s  of  pads 

loca t ed  goo a p a r t  on load equa l i z ing  rockers .  

rangement of t he  pads and load equa l i z ing  rocker  i s  shown 

on Fig. 9.  The load adjustment between rockers  will be 

a b u i l t - i n  c h a r a c t e r i s t i c  due t o  the r e l a t l v c  f l e x i b i l i t y  

of the mount. The runner r i n g  and concrete  foundation 

r i n g  are designed t o  minimize the d e f l e c t i o n  of the 

runner,  y e t  t o  meet the minimum load capac i ty  of the 

ground, 2000 lbs/f t .2 .  The runner  ring and concre te  

foundation r i n g  are designed t o  uniformly d i s t r i b u t e  the 

load over t h e  e n t i r e  concrete  ring ground bear ing area 

by making the  load d i s t r i b u t i o n  on e l a s t i c  foundation 

The ar- 
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spread from one bear ing over an P80° a rc .  

each rocker  serve t o  reduce load concent ra t ion  and dis- 

t r i b u t e  the  antenna loading more evenly on the foundation. 

Two pads on 

I n i t i a l l y ,  the load on the  bearings w i l l  be ad jus ted  

manually f o r  the s t a t i c  condPtion by equa l i z ing  the hy- 

d r o s t a t i c  bear ing pressure on a l l  pads ca r ry ing  t h e  same 

load. During t h e  dynamic condi t ion  t h e  load d i s t r i b u -  

t i o n  between bear ings  w i l l  depend on the ver t ica l  and 

bending spr ing  cons t an t s  of the  mount, the v e r t i c a l  

sp r ing  cons tan t  being 6 x lob lbs / in .  p e r  mount, the 

bending spr ing  cons tan t  being 2.05 x 10 6 lbs/ inch per 

mount. The hydros t a t i c  o i l  f i l m  s p r i n g  cons t an t  w i l l  

vary as a func t ion  of  f i l m  th ickness  and diameter of oil 

supply tube  or o r i f i c e .  When car ry ing  f u l l  load, the  

o i l  f i l m  th ickness  w i l l  be approximately .OO3 inch. 

The s t r u c t u r e  v e r t i c a l  d e f l e c t i o n  w i l l  be about ,28 inch 

and the bending d e f l e c t i o n  w i l l  be about .83 inch. 

From the  above d e f l e c t i o n  oomparison i t  is evident  

t h a t  the  h igher  r e l a t i v e  f l e x i b i l i t y  of t h e  mounts will 

tend t o  d i s t r i b u t e  t h e  bad between r e spec t ive  bearings.  

Load d i s t r i b u t i o n  between each pair  of  pads f o r  

the azimuth t h r u s t  bearing l a  done by the rocker  which 

c a r r i e s  the  t h r u s t  element. Four such t h r u s t  elements 

are a t tached  t o  t h e  mount s t r u c t u r e .  The i r  e f f e c t i v e  

sp r ing  constant  w i l l  be equal t o  the s t r u c t u r e  v e r t i c a l  

sp r ing  cons tan t  divided by f o u r  which gives a spr ing  

cons tan t  of 3 x lo6 lb/ln.  The s t a t i c  load per t h r u s t  

element i s  1.6 x lo6 l b s ,  and the d e f l e c t i o n  w i l l  be 
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about .53 inch. 

With an o i l  f i l m  th ickness  of .OO5 inch, i t  i s  

ev ident  t ha t  the  static load d i s t r i b u t i o n  between pads 

will be equal ized due t o  t h e  f l e x i b i l i t y  of t h e  pad 

support ing system. The 200 f t .  bear ing diameter was 

chosen t o  have a safety f a c t o r  of 2.5 a g a i n s t  over turn-  

ing of -the antenna w i t h  a 70 mph wind o r  wi th  a 120 mph 

wind with the r e f l e c t o r  point ing a t  zeni th .  
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D. GROUND REPJ3FiENCE TOWER 

The ground re ference  tower i s  intended t o  provide 

a s t a b l e  re ferenoe  loca t ion  free of la teral  o r  angular  

d e f l e c t i o n  a t  the  i n t e r s e c t i o n  of the  azimuth and 

e l e v a t i o n  axes of the antenna. I n  o r d e r  t o  assure 

tha t  t he  antenna supporting s t r u c t u r e  doe8 not  d i s t u r b  

t h e  re ference  looa t ion ,  t he  tower i s  completely inde- 

pendent of the support s t r u c t u r e .  Shie ld ing  i s  pro- 

vided around the  tower t o  prevent d i s t o r t i o n  from wind 

loads  and d i f f e r e n t i a l  thermal exparlaion. 

I n  prel iminary design form the  tower c o n a l s t s  of 

a f a b r i c a t e d  s teel  cone 15 f t .  diameter a t  the base 

and 4 f t .  diameter a t  the  top. The wall th ickness  

v a r i e s  from 1/2 inch a t  the base t o  1/8 inch a t  the top,  

Analyais of t h i s  design consider ing the ins t rumenta t ion  

a t  t h e  top  t o  weigh 800 pounds gives  a n a t u r a l  frequency 

of 4 cps,  

s ign.  E f f e c t s  of the  foundation on the  s t a b i l i t y  of 

t h e  re ference  l o c a t i o n  are presen t ly  being s tud ied .  

F u r t h e r  c a l c u l a t i o n s  w i l l  optimize t h e  de- 
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4 DBXVZ GEARING 

The b m i o  problem in the deeign of gears t o  drive  the 

antenna i n  atlnuth and elevation are: 

A. Load capability for driving t h e  antenna at the 

required aoosleration; inoluding inertia, f r i o t i o n  

and wind loads up to 70 miles per  hour. 

Power in the deeign of azimuth gearing is based on: 

1. Drive to stow in 70 MF" wind 

2, 

3. Yeximum acoel. at  lo/ssc2 22.6 x l o6  l b ,  it,  

b .  

Maximwn on drive  B 13.7 x l o6  l b .  ft. 

Maximu traoking i n  60 MP€S wind 

Drive load 10 x lo6  l b .  ft, 

ABOe1. 0.20/Se02 4.4 x 106 ib, it, 
1 4 4  x 10 6 l b ,  Z t .  

Max, azimuth d r i v e  in 60 MPH wind 10 x lo6 1b.ft. 
AOOel ,  0.5°/se02 11 x 10 6 l b o f t ,  

21 I. lo6 1b.ft. 

5 .  

Power In the design of  e levat ion gearing is based on: 

1, Drive t o  stow i n  70 MPH wind 

T on drive 16 x lo6 l b .  f't. 

2. WX. aooel.  a t  lO/sed 9.2 I: lo6 l b .  ft. 

3. Max. t raoklng  i n  60 JMPH wind 

Drive 11.8 x l o6  lb, it. 
1.8 x 106 i b .  rt. 
13.6 x i o6  ib. it, 

ACOe1, .012°/8002 



4. Max. e leva t ion  d r i v e  (@ MPE wind) 11.8 x lo6 lb .  f t ,  

Acoel. (O.5*/S8a2) 4.6 x l o6  l b ,  tt. 
16.4 z i o  6 lb, it, 

The e leva t ion  gear ing  must then have 78% of the power 

requi red  f o r  the azimuth drive.  

Forward and reverse r o t a t i o n  w i t h  equal d r i v e  power and 

0 ont r d  , 
speed c o n t r o l  from 00/seo t o  0,50/seo. 

The ro ta t ing  elements must have high to rque  capac i ty ,  

adequate t o r s i o n a l  s t i f i n e s 6  for minimum d e r l e o t l o n s  

B, 

C, 

D. 

and a high s p r i n g  rate w h i l e  at  the  same time have 

l o w  i n e r t i a  t o  produoe the required a ~ a e l e r a t i o n a ,  

E, Baoklash must be eliminated i n  the azimuth and eleva- 

tion gearing i n  both d i r e o t i o n s  of r o t a t i o n .  

F, Constant mesh oonditions must be maintained i n  s p i t e  

of d i f f e r e n t i a l  expansions between t h e  azimuth main 

gear support  end its pinions,  

Q, Power d i s t r i b u t i o n  around t h e  antenna base t o  minimize 

d i s t o r t i o n .  

E, Bearing mountings must be rigid t o  eliminate a learanae  

oon t r ibu t ing  t o  motion due t o  lreh, 

Solu t ions  t o  t he  above problems were developed fn a 

oonf igura t ion  providing biae  torque as shown in Fig, 1, 

Eaoh of  eight (8) u n i t s  on the  azimuth gearing oonteins 

two separate counter  rotating drive8 providing oppos i te  

d i r e o t i o n s  of torque f a c i l i t a t i n g  speed c o n t r o l  and a n t i -  

baoklash. On a gear diameter of 190 fee t  16 piniona are 
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arranged similar t o  bevel gears, 

t o o t h  tapers approxh8tely ,0005 inohee per inoh of 

l ength ,  giving f u l l  face oontaot,  

nearly spur gears due t o  a eone radius of 1140 inahea, 

This type of gear e l i m h a t e s  any variation of meah 

p o s i t i o n  since radial expansion is l imibed  t o  the gear 

too th  axis. 

&oh gear and p in ion  

The pinions ere very 

d’ 

The arrangement for one half &f a gear u n i t  i a  

shown in Fig, 2, 

on both ends by a n t i - f r i e t l o n  bearinga. 

teeth are eovered, exoept d i r e a t l y  over  t he  raok teeth, 

k seal is  pravfded between the first pinions and the 

seeond gear, providing a t o t a l  enuloaure f o r  the  remain- 

ind gear train, 

~ l l  pinions and gears are supported 

The pinion 

The e n t i r e  aseembly consists of only three r o t a t i n g  

maases exoluding R tashometer d r i v e  running a t  3000 RRd 

a t  the end of t h e  input pinions. 
b 

The tota l  r a t i o  of t h e  antenna 1s 7200 t o  1. BPM 

of t h e  ooupling output is 600, reducring to ,083 Rpy a t  

t h e  antenna, 

Gear data ahowing r a t i o s ,  diameters, length of faoe, 

RF%, pressure  angle and number of teeth are shown i n  P i g ,  3.  

h p p o r t  for .the gear oaso is provided by 8 deep web 

arranged t a n g e n t i a l l y  i n  referenee t o  the  azbiu th  

gear. 

bearings, a h o s t  direatly i n  line w i t h - t h e  pinion shaft t o  

minimize de f l eo t ion  Wider power, 

Driving forces a r e  taken half way between the pinion 



The elevation gears shown i n  Fig. 4 are the sane 
I general arrangement e8 t h e  azimuth drivea exoept the 

main pinion s i ze  Is based on a segment raaius of 75 

f ee t .  sir units oonsistiiig o r  12 separate gear drives 

me looated on t;rOo segments. h o h  gear 0888 is r ig id ly  

mounted i n  a spv type arrangement sinae radial  expansions 

of the segment and the support struoture are the same. 

Gear capaoity ie designed as shown in  F i g s ,  3 through 
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D. SERVO DRIVE SYSTEB 



I)-1 

I SZRVO AND D R l v g  SYSm- 

A funo t lona l  block diagram of the Servo System i n  

aooordanoe with our present ooncept 1s shown i n  Drawing 

825-P.9190 
1. 

The Azimuth Drive is provided by sixtreen and the 

Elevat ion  Drive by twlerve Type W G S - Z l 5  eleotromagnetio 

oouplings. 

provide r o t a t i o n  in one direotion and the  o t h e r  half  

w i l l  provide r o t a t i o n  i n  the oppoeite d i r e o t i o n  about eaah 

axis ln orde r  t o  'Pllmnate basklash i n  the gearing and pro- 

vfde oontinuous c o n t r o l  a t  zero velooi ty .  The ooupllng 

will be modified to have a dry air gap and arranged f o r  

d o s e d  c i r c u l a t i n g  oil crooling t o  achieve high r e l i a b i l i t y ,  

This ooupling has a mxiwUn torque r a t i n g  of 1120 lbs, 

fee t  and an i n e r t i a  of 1.0 ob, it. seo2, 

standard deeign values  and design modifioations are being 

oonaldered t o  improve t h e  torque squared t o  i n e r t i a  r a t i o  

and minimize the power d i s s i p a t i o n ,  

f a o t o r ,  it was e s s e n t i a l  t o  proueed with the s tudy  on the  

basis of  the standard deS1gn. 

One half of t h i s  number of souplings w i l l  

Them are 

Beoause of the  tLms 

'phe t o rque - s l ip  o h a r a o t e r i s t i o  of the ooupling is 

shown in Figure (l), 

maximum s l i p  t o  l i m i t  power dissipation and s t i l l  provide 

very n e a r l y  maximum torque over t h e  des i red  opera t ing  

range of 0-0.25°/seoond. 

It i e  aesirable t o  minimize the  

It we8 felt t h a t  a 50 peroent 
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reduet ion  in maximum torq'ui would be permissible a t  O.SO/  

second as a compromise between veloe i ty  range and maximum 

s l i p ,  It should be noted that f u l l  r eve r se  to rque  is still 

a v a i l a b l e  from the  oppos i te  coupling in eaah ariva un i t ,  
It is also d e s i r a b l e  t o  drive the  ooupling d i ree t ly  

from an a-c motor suppl ied with 60 ayule/seoond power, 

As shown i n  Figure (I), t h e  use o f  a motor having a 

synchronous speed of 720 rpm and a gear ratio of 720081 

between t he  ooupling and the assooia ted  antenna axis would 

aohlevs these objeCtiVe8, On the basis of Using & 100 hp, 

720 rpm, CS-776, d r i v i n g  motor, a prel iminary s t u d y  has 

ahown that with this s s l e o t l o n  the motor aharaoterl.stioa 

will have a negligible ef fsot  on drive PeriomdLnoe. 

The maxrnnlm to rque  available t o  dr ive  the antenna 

about the azimuth a i s  at 0,25o/seoond i n  either d i r e o t i o n  

1s 60 x lo6 lb, ft, The t o t a l  i n e r t i a  of the antenna 

inc luding  the d r i v e  about the azimuth axie i a  23 I 10 

lb, ft.  aeoon$ 80 t ha t  a torque of 40 x 10 

8 

6 1b. rt. i a  

requi red  t o  produoe the m a x l m u  permissible angular  

aooe le ra t ion  of 1.0°/8e0,2,about t&t axis, The maxirmlm 

wind torque at  a wind velocity of 60 mph has been oalcu- 
l a t e d  t o  be 20 I 10 6 lb .  rt. without  aerodynamio aompensation, 

With oompensation, t h i 8  o m  be reduced by at least  50 per  

oent  , Using hydrostatla bearings, the i r i c t  ion  torque is 
i 

negligible, 



The maxirnua! torque available t o  drive the antenna 

about the elevation axis a t  0.2~*/sacond in ai thap direction 

is 45 x 10 ab. ft. 

ing the drive,  about the alevatiion axir 1s 12 x 10 lb. ftr 

6 The tota l  inertia of the antenna, lnclud- 
0 

6 sec2 80 that 8 torque of 21 x 10 ab. ft. is required t o  

aerodynamic corapenaatian. With com~enaatlon, t h i a  can ba 

reduced by at  l east  50 peremit. U ~ i n g  hydroatatic bearings, 

the f'riction torque I s  40g l i@bl@.  Thus each drive provider 

a 200 percent excess torque oapecity at on acceleration of 

Q,2'/~ec.~ and a velotrlty of 0.25*/sec. Zn a 60 mph Wind. 

T h i s  capability must .he balanced aealaat the coupling 

power dissipation undmr s ta l l  conditians, The torque e x c i -  

tation CUTVB For the 'W'CS-235 coupling l a  shown in Figwe (2). 

As shown, each of the couplings i n  a drive  u n i t  should be 

biaasd a t  about 35 percent; of their r a h d  output t o  protide 

a linear comblned characteristic and adaquate torque far 

backlaah cornpenaatlon, Under stall conditions, this produoes 

ta power diasipatlon of 55 EIP per coupling and a total  power 

dlaelpation of 1550 HP for the 28 00upliBg8 ured. 

of this power df8BipabfQn is one a t  our current objectives. 

The rtbduction 

R e  ksrpontse of' an electroglagsetia croupling 1 s  detarxrdnad 

by two time delays, one associated with the excitation f l e l d  

and one with the formation of eddy currents In tho coupling 

drum, Infornuation available concerning them time dalayr i r  



q u i t e  limited, A coupllne is being connected to a laboratory 

dynamometer to obtain experimental data. Pending the results 

of this study, I t  has been assumed that the field delay is 

1.0 seconds and the eddy current delay i s  0.05 seconds on 

the baeia of general information, 

In order t o  compensate for the f i e l d  delay ,  the uae of 

a bietable field current feedback loop is proposed, The f i e l d  

will be excited from a three phase unidirectional converter, 

TrSnistor Controlled R e c t i f i e r .  The output vo1taE.e of the 

oonverter can be switched from full p o s l t i v e  to full negative 

by chandng the polarity of the input; signal and providea 

a field rorclng factor of 500 percent of rated excitation, 

A unit has been designed and b u i l t  and is currently being 

teated, Although RF noise generation has not yet been measured, 

it has been found necessary to employ RC networks to attenuate 

the  slope of the  voltape wavefronts t o  prevent f a u l t y  operstion 

of sensitive electronic equipment In the vicinity of the 

c onve r t e r . d 

Using an operational amplifier as a voltage comparator, 

e uircuit Feedback loop bistable frequency of 60 cycles/second 

can be achieved as indicated by analytical, computer, and 

experimental studies. The small siRnal time delay associated 

with the coupling f i e l d  is reduced by t h i s  means to 0.0167 

aeconda and full axcftation oan be developed in 0.068 secondi. 

The eddy current time delay is outside of this loop. 

The gearing is being designed f o r  a natural frequency 

of the drive of 12 cps with the mtenna axis locked, Combined 
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with the dynamic characteristics of the antenna s t ruc tu re  

it 1s possible to incorpora te  a velocity feedback l oop  as 

shown OA Dwg. 82sD919 having a bandwidth of 2.5 cps and an 

pIP r a t i o  of 1.0 db. to limit tha effect of wind disturbances.  

A t  the t i m e  of thts report, complete computer r e s u l t s  on the 

magnitude of these e f f e c t s  were not ava i lab le .  

The open loop t ransfer  function of the position loop  

is essentially (1 + tip) / (T,,l2 over the  required bandwidth 

using i n t e g r a l  plus proport ional  control. 

mum pos i t iona l  errors resultfng from velocity and acceleratlon 

inputs  the system is adjusted so t h a t  T 1  : T2 : ( 2 ~ f ' ~ ) ~ ' ~  

where (f,) is the system bandwidth. 

To achieve m i n i -  

The position signale 

will be i n  d i g i t a l  form and the integral p l u s  proportionai 

control w i l l  be aocomplished by d i g l t a l  means. Required 

sa tu ra t lon  l eve l s  of the position and i n t e g r a l  loops has 

been s t u d i e d  f o r  the case of a ramp function input  havtlng 

P scope of 0.20°/sec2 and a c e i l i n g  of 0.25°/9ec. 

system bandwidth of 0.2 cps,  the sa tura t ion  level of the 

position l e v e l  should be 0.1' and the  sa tura t ion  level of 

the i n t e g r a l  loop should be 0.18° Seconds. 

2 For a 

If the bandwidth 

is reduced to 0.01 cpa, the former must be increased by a 

factor of 20 and the  l a t t er  by a f ac to r  of  400. 
6 

The capabi l i ty  of the d i g i t a l  control i n  t h i s  regard 

can be evaluated as follows: 

&et the  input error = counts 

The output from the decade div ider  unit  



f2 I input pulse  rate vs decade 
di  v i  der 

fl X-tal pulse r a t e  

K1 Bandwidth s e t t i n g  

The transfer funct ion t o  the output of the divider  s 

0 1  
$i 8 ' fl, 

1000 I 
TF fl z 1000 pps 

this becomes .I € I 
U'rr5: 

K3 s e t t i n g s  are 1, 2, 4, 8 and 16 plving an integrator 

time constant of 1 - 16 and a bandwidth from 0.16 t o  0.01 cps, 

for example. However a i n  order t o  llneari ze the divider  

U u L p i u U  ( t b a  d i ~ j  alon ~ i v e s  non-uniform output spacing),  a 

fu r the r  fixed divfaion i s  introduced of 10-1. To hold the  

-.-A&.*& 

time constant of the  device a t 1 1 1  from 1 - 16, the input 

pulse rate is increased by 10-1. 

Of 10 k0/8, 

This give8 a c r y s t a l  frequency 

! h e  in tegra t ion  constent a x K1 count secs. for & 
any maximum e m o r  signal ,  

A bandwidth of 1 6  and a counter capacity of 5000 with 

1000 b i t s  per deeree from the RlmCmder gives 38,000 counts 

I 8eoa. or 80° t w o .  bandwidth s e t t i n g  of' 1 g i v e s  so B ~ C .  The 

quant izat ion e f f ec t s  of the d i g i t a l  signals I s  being evaluated. 
I 
I 

I I 0 I NSTRUHESTATI ON 

Antenna position In terms of' aeimuth and elevation w l 1 1  

be expreaaed in d i g i t a l  form by using special encodera attached 

t o  the antenna posi t ion sensing device  on the ground reference 

s t r uc t UFO. 
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All p o s i t i o n  camand signals all be transformed t o  

an equiva len t  AZ-EL command i n  digital form. 

A d i g i t a l  comparator I s  provided t o  generate  a digi ta l  

error sianal obtained by cmparinp: the antenna axis p o s i t i o n  

with the  digi? iLed p o s i t i o n  cawnand si!?nal. 

The erpor signal is modified by an ad jus t ab le  band width 

oontrol before being transformed t o  a l i n e a r  analop error 

signal which aotnates the g e r m  d r i v e s  on eech axfs. 

We have arr ived a t  this concept a f t e r  consider ing many 

other conf igura t ions  involving dpixed co-ordlnate sysbeme and 

believe i t  has several d e f i n i t e  advantages. 

I, Keeping everything i n s ide  the loop i n  AZ-EL 

eo-ordinates g r e a t l y  simplifies B s i g n a l  flow 

and minlm3.zea equipment in c r i t i c a l  c i r c u i t s .  

2, The instrument  mount on the ground reference 

s t r u c t u r e  a t  the intersection of the antenna 

axes 1 s  considerably simplified and consequently 

seeas more r e l i a b l e .  

Command S i m a l  Generation 

All input command func t ions  will be transformed as 

requi red  t o  provide a correagonding d i g i t a l  command signal 

in AZ-EL co-ordinates. A reversible Binary coded decimal 

counter provides the positlon command f n t e l l i p m c e  t o  the 

digital comparator for  the  "Slew", "Manual" ,"Manual Rate", 

and "Automatic Track" modes of operat ion.  

a, - Slew uontrol is obtained b y  genera t ing  pulses  at  

(B rate propor t iona l  t o  the d e s i r e d  slew velocity. 

The slew pulse8  are i n j e c t e d  i n t o  the r e v e r s f b l e  

counter  so t h a t  the counter  w i l l  count u p  o r  down 
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I 

dependtng on t h e  d i r e c t i o n  of slew, and provide 

a corresponding change i n  position command. 

Manual poal t ion ing  can be achieved by using the 

rslew control. t o  s e t  the antenna a t  the desired 

p o s i t i o n  as determined from a decimal readout 

of t h e  azimuth and elevation command p o s i t i o n  

contained i n  the reversible  counter. 

If d e s i r e d  incremental  poaltioninR can be obtained 

by i n j e c t l n p  a slow p u l s e  rate i n t o  the reversible 

counter u n t i l  t h e  des i red  p o s i t i o n  i s  reached. 

Automatic Track operatlon can be achleved by 

convert inp the, d-c voltape analog of  p o s i t i o n  

e r r o r  t o  a v a i r a b l e  pulse r a t e  applied tr the 

r e v e r s i b l e  counter reference.  Polarity of the 

tracking slpnal determines whether the pulses add 

to or s u b t r a c t  f r o m t h e  count, and pulse  rate would 

be proportional t o  amplitude of  tracking s i g n a l ,  

d. Manual Rate (s ided t r a c k )  will be obtained by adding 

b. 

C. 

an adjustable bias t o  the pulse r a t e  c o n t r o l l e d  by 

the Automatic Tracking: e i m a l .  If s u c h  a b i a s  were 

sa t  to prorf de t h e  requ? red trackfnc rate by i t s e l f  

then  the automatic t r a c k  simal would reduce to zero. 

It € 3  presumed that in the S l a v s  node, t h e  cormands 

supplied on the 5 hole  punched tape will be in c e l e s t f a l  

co-ordjnates and time. Such 8 system provides  a universal 

frame of re ference  and also p r e a t l g  reduces the amount of 

information s to red  on the  t a p e .  One s e t  of tape  information 

inc lud lnp  SideFhal Hour Angle ( S U A )  Declinat! on (DECL) and 



D-11 

time i a  t r a n s l a t e d  by a t ape  r eade r  and p u t  i n t o  menary 

s to raqe ,  Tape time i d e n t j f l c a t i o n  1 s  compared wfth G.M.T. 

and when time identity arrives the information In SHA and 

DECL, memory is rsleased t o  ~ e r v e  as a position command for 

antenna positioning. 

Since SHA l a  In c e l e s t i a l  ~Akordinstes i t  is neceasary 

t o  transform S U  to l o c a l  hour snRle ( L H A )  which is the angle 

rneaaured west from the l o c e l  zanfth meridian. Such t rans-  

formation from SHA t o  LHA is made by using 8 s i d e r i a l  clock 

arranaed t o  Ftlve a d i g i t a l  expression of local s ider ia l  time, 

where 0 h o w 8  occur8 when the 0 s ider ia l  hour c i r c l e  is at 

the local  zenith, BHA from the memory and siderial time 

Prom the Bidera1 c lock  are comnered 3n the comparator 

subtractor to give a df r r i t a l  expression of LHA. 

LRB and DECL sipnals thus obtalned are appl i ed  to a 

co-or8Inate conver t e r  whlch transforms the LHA-DECL t o  

equivalent afgnals in AZ-EL co-ordfnates which a r e  then used 

a8 poaition command signals. 

HeanaJ wfll also be pravidod for e e t t f n g  SHA and declination 

from 6 manual adjuatmant as w e l l  a s  from the tape.  

An ad3ustable rate pu l se  generator w i l l  permit accura t e  

adjustment of declination rate O V ~ P  the ranqe? 0.0004° pm 

sec. Likewise pulses ~ € 1 1  be added t o  o r  sub t r ac t ed  f rom 

the e fder ia l  time a t  such rates as t p  permlt?percent 

adjustment on the s i d e r j a l  rate, 

Scan Function Generation 

Elliptical s p i r a l  scanninr can be a t t a l n e d  by e l e c t r o -  

mechanical. generation of t w o  sine func t ions  expressed i n  both 
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analog and d i g i t a l  form, One sine func t ion  w i l l  be super- 

Imposed on the Azimuth oommand and the o t h e r  on e leva t ion ,  

Rate of %om,  . w i l l  be determined by adjustin8 frequenoy, 

B l l i p t i o i t y  knd o r i e n t a t i o n  of t h e  e l l l p t i o a l  axis can be 

oont ro l led  b adjustment of the r e l a t i v e  Amplituders and phase 

of t he  8ine"generators. 

I 

I 
1 .  

r 
S p i r a l  can be obtained by simultaneous 

amplitude adjustment. Analog output  of t h e  scan generator  

w i l l  be superimposed on t h e  manual r a t e  (a ided t r a o k )  and 

d i g i t a l  output  w i l l  be superlaposed on digital AZ-EL coumands 

derived from Slave o r  S i d e r i a l  mode commands. 

1 The sawtooth scan generator may c o n s i s t  of two counters  

l one for eaoh erris, By using r e v e r s i b l e  coun te r s ,  oounting up 

may correspond t o  soan and counting down t o  s l e w  'iaek, 
, 

1 AUjustable pulse r a t e s  appl ied t o  t h e  counters  determine 

t h e  scan r a t e .  Adjusting to a p re se t  count can determine t he  

maximum angular  exchrsion of the scan. adjustment  of re la t ive  

scan r a t e s  on the  two axes w i l l  determine the o r i e n t a t i o n  of 

the r e s u l t a n t  'soan paetern. 

Go-orcllnate Converter 

It is t he  funotion of the oo-ordinate ctonverter t o  t ransform 

d i g i t a l  command signals in LHA end DECL oo-ordinated t o  the 

equlva len t  AZ-EL 00-ordinates and v i c e  versa.  

One poss ib l e  method of obta in ing  suuh co-ordinate conversion 

i s  shown on the attached sketeh. 

the u n i t  i a  shown on photo No. - 
Figure No. 3. h model of 

a two eixier au to  ool l imator  a t tached t o  an e q u a t o r i a l  (HI)) 

mount is a b e d  a t  a plane mirror  on an  d - E L  instrument mount, 
i S i m i l a r l y  a two axis auto-col l imator  a t t ached  t o  t h e  AZ;$L 
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? 
mount is aimed a t  a plane mirror on t h e  R-D mcunt. 

is similar i n  oons tmctbon to t h e  dual unit on t o p  of  the tower. 

This unit 

The H-D Bnd AZ-Ep ln s t runen t  mounts are so arranged meah- 
/ 

a n f c a l l y  as t o  <emit cgdtinuous t r ack ing  of c o l l i m t o r s  arid 

mfirrcrs over a hemisphere. 

Eaah axis  of the two instrument mounts has a t t ached  t o  it 

a servo d r i v e  mtQr and a preois ion  angle encoder capable of 

O.O0lo resolution, 

oo-ordinates  iq a p p l h d  t o  t h e  H-D instrument mount, instrument 

servos d r i v e  the  two  axes of the mount t o  suoh a position t h a t  

t he  axis angles 88 measured by the encoders match the oommand. 

I 

When a eommand signal  in LB. and DECL 

t 

As t h e  H-3 mount moves, t he  au to-ool l imator  on the  d - E L  

nount generates  error signals which a r e  red into t h e  8 6 n o  

d r i v e s  on t h e  two ax& of the &-EL mcunt. 

t h e r e f o r e ,  fo11owp1 the  H-D mount very c l o s e l y  and encoders on 

t h e  mount axis provide d i g i t a l  angle signals i n  2:Z=EL co-ordinates.  

i 

The aZ-EL mount 

The auto  collimators are capable of d e t e c t i n g  angu la r  

e r r o r s  of less than 1 second o f  a r c  and it i s  expected t h a t  

corresponding acouracy of follow-up oan be obtained. 

The process of transforming from &-EL t o  LEPDECL oo- 

ordinates is e x a c t l y  the same in t h e  rover88 sense. 

harther s tudy  i s  now being made t o  provide quanta t ive  

answer8 t o  the following pkoblem areas encoiantered i n  t h i s  

oo-ordlnate converter. 

a. :'{hat is t h e  e f f e c t  of the  apparent degradat ion i n  gain 

and response whioh ocours a t  the  Zenith and p o l a r  regions? 

b. What praat ioal  l i m i t a t i o n s  exist i n  regard t o  providing 

instrument servos using t h e  su tocol l imator  e r r o r  signal 



D-3.4 .- 
.., 

considering tha t  overal l  error should be l i m i t e d  to 

the region of 1-2 arc aeoonds a t  maximum operating 

v e l o c i t y  and a c c e l e r a t i o n  of the antenna? 

c.,Other methods of co-ordinate conversions are being studied. 

\ 
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